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INTRODUCTION 
Topical toxicity of soil insecticides to corn rootworm adults has 
been used to evaluate the comparative susceptibility of corn rootworm popu­
lations to insecticides. However, the target stage is the larva, and it 
occurs in the soil-corn root environment (Sutter, 1982). The comparison 
of adult and larval LDgg values from a single field location showed no ap­
parent correlation (Walgenbach and Sutter, 1977). These authors found 
little value in monitoring adult populations as an indicator of larval 
response to insecticides or field performance of the soil insecticides. 
Knowledge of the toxicity and metabolic fate of an insecticide during dif­
ferent developmental stages of the target species may aid in explaining 
insecticidal activity. 
Southern corn rootworm (SCR), Diabrotica undecimpunctata howardi 
Barber, is useful in comparing the toxicity response to the higher pest 
status of western corn rootworm (WCR), D. virgifera virgifera LeConte, 
and northern corn rootworm (NCR), D. barberi Smith and Lawrence. Simi­
larities in larval feeding habits, development, and taxonomic relation­
ships suggest that SCR can be used to judge the performance of compounds 
in controlling WCR and NCR. Additionally, well-developed rearing technol­
ogy (Branson et al., 1975) is also a primary consideration in selecting 
SCR for the metabolism study. 
Isofenphos (Amaze®, Oftanol®, 1-methylethyl 2-[[ethoxy((l-methylethyl) 
amino)'phosphinothioyl]-oxy] benzoate) is a broad-spectrum organo-phosphor-
amidate insecticide. It became commercially available in 1981 for con­
trolling corn rootworm larval populations. Root damage ratings from Iowa 
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cornfields in 1979 suggested that isofenphos was an excellent rootworm in­
secticide (Stockdale and DeWitt, 1979). Although isofenphos failed to con­
trol corn rootworm in a few fields in 1983, it was still one of the insec­
ticides recommended for use in 1984 in midwestern corn production (Foster 
and Tollefson, 1983). A few studies have been conducted on isofenphos per­
sistence in soil (Chapman and Harris, 1982; Felsot, 1984) and its biolog­
ical activity against carabids, staphylinids (Andersen, 1982; Andersen and 
Sharman, 1983), and scarabaeid grubs (Lawrence, 1981; Tashiro et al., 
1982). Metabolism studies on the best known phosphoramidate insecticide, 
methamidophos, are thorough (Khasawinah et al., 1978; Suksayretrup and 
Plapp, 1977; Robinson and Beiergrohslein, 1980; Thompson and Fukuto, 1982). 
Literature on isofenphos metabolism, however, is unavailable. 
Bendiocarb (Tattoo®, Ficam®, 2,2-dimethylbenzo-l,3-dioxol-4-yl methyl-
carbamate) is structurally similar to carbofuran. Preliminary studies on 
the biological activity of bendiocarb were conducted on the Japanese bee­
tle, PopilHa japonica Newman (Ladd et al., 1983), German cockroach, Blattel-
la germanica (L.) (Barson and McCheyne, 1978), and Anopheles stephensi 
Liston (Eshghy et al., 1979); thorough toxicological reports include resid­
ual studies in corn (Szeto et al., 1984), and metabolism studies in the 
rat and man (Challis and Adcock, 1981). 
Toxicological data are important in understanding the insecticidal be­
havior of insecticides within the insect. Therefore, ^"^C-labeled and un­
labeled insecticides (isofenphos and bendiocarb) were used to: 
1) Determine the toxicity of isofenphos, bendiocarb, and their metabo­
lites on SCR adults and larvae; 
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2) Examine the disposition of in treated corn rootworms; 
3) Compare the penetration rate of ^"^C-insecticide through the cuti­
cle of adult and larval corn rootworms; 
4) Analyze the nature and quantity of metabolites in treated insects. 
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LITERATURE REVIEW 
Structure of Phosphoramidates 
Phosphoramidates are pesticides having one or more P-N bonds on a 
full-valence phosphorus atom (Magee, 1982). They are categorized into 
three groups according to composition of substituents (Figure 1): (1) sub 
stituents are aliphatic or cyclic alkyl groups; (2) one substituent con­
tains a phenyl group; and (3) one substituent includes a modification of 
known phosphates or carbamates. Structural variation greatly influences 
the physical and chemical properties, and insecticidal activity of phos-
phoramidates. Comparing physical and chemical properties of four com­
pounds, methamidophos, acephate, and their related P-S isomers, Magee 
(1982) concluded that P(0)NH structure is less volatile, more acidic, and 
more soluble in water. Additionally, P(0)NH had a higher melting point 
than the P(S)NH analog. 
Neely and Whitney (1968) worked with a series of related compounds 
and found that changes in the alkyl group affected compound reactivity. 
Sanborn and Fukuto (1972) discovered a linear relationship between Ham-
mett's a constant and alkaline hydrolysis rates (k^) of the 0-ethyl sub­
stituted S-phenyl phosphoramidothioates. They failed to correlate bimo-
lecular inhibition constants (k^) with kjj. Satisfactory correlation was 
obtained, however, between k^ and ky in a series of methyl substituted 
phenyl N-methyl phosphoramidates (Neely and Whitney, 1968), 0-alkyl S-
alkyl phosphoramidothioates (Quistad et al., 1970), ànd substituted ethyl 
a-cyanobenzaldoxime phosphoramidates (Zerba and Fukuto, 1978). 
0 
C H a S  .  Il 
^  P —  N H z  
CH3O 
methamidophos 
C H s S  ^  ^ 0  
P-
. CH3 
3-n-butyl-5-methyl cyclic S-methyl phosphoramidothiolate 
S  
(CH3)2CHNH^ II 
/ P 
C2H5O ^  
isofenphos 
CH3O ^ II 
^  P  —0 C = C H C 0 C H(CH3)2 
/ ' 
C2H5NH CH3 
propetamphos 
0 = C - 0 C H ( C H 3 ) 2  
Figure 1. Structure of phosphoramidates 
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Toxicity of Phosphoramidates 
Phosphoramidate toxicity to insects compares favorably to other organ-
ophosphate insecticides (OP). Toxicity to mammals, however, varied with 
individual compounds (Suksayretrup and Plapp, 1977; Kao and Fukuto, 1977). 
Two systemic insecticides introduced in the 1940s, schradan and dimefox, 
are quite toxic to mammals (Spencer, 1973). Acute oral LD^Q values of 
schradan to male and female rats are 9.1 mg/kg and 44 mg/kg, respectively. 
Dimefox is more toxic, with an acute oral LDgg of 1 mg/kg to rats. Intro­
duction of methamidophos in 1969 by Chevron Chemical (Monitor®) and Farben-
fabriken Bayer (Tamaron®) led to another area of systemic insecticides 
(Magee, 1967; Hammann, 1970). Over 50 patents on novel phosphoramidates 
have appeared since commercialization of methamidophos (Magee, 1982). Un­
usual insecticidal properties of methamidophos and related acephate have 
restimulated interest in phosphoramidates as potential insecticides. The 
toxicities of methamidophos and acephate to insects are relatively equiva­
lent. Topical 24-h LDgg values of female house flies (Musca domestical.) 
treated with methamidophos and acephate are 1.3 and 3.0 vg/g, respectively 
(Quistad et al., 1970; Rojakovick and March, 1972). Both compounds show a 
broad spectrum of activity against susceptible and OP-resistant house flies 
(Quistad et al., 1970; Khasawinah et al., 1978), ànd Heliothis sp. (Plapp, 
1972). Their mammalian toxicities, however, are quite different. The 
acute oral LDgg values of methamidophos to male and female rats are 21 and 
18.9 mg/kg, respectively, whereas those for acephate are 945 and 866 mg/kg, 
respectively (Rojakovick and March, 1972). Similar observations were ob­
tained with the derivatives of methamidophos by Kao and Fukuto (1977). They 
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found that O, S-dimethyl propionyl phosphoramidothioate is approximately 
35-fold more toxic than the hexanoyl analog to house flies and is 10-fold 
less toxic to mice. Little information exists on the toxicity of phos-
phoramidate insecticides, other than methamidophos and its related com­
pounds. A Mobay technical sheet (1979) published the acute oral LDgg val­
ues of technical isofenphos to male and female rats as 38 and 28 mg/kg, 
respectively. Sutter (1982), using soil bioassays on first and third-
instar WCR larvae, and third-instar SCR larvae, found isofenphos LCgQ val­
ues ranging from 0.15 to 1.20 ppm. 
While methamidophos and acephate toxicities to house flies compare 
favorably to OP compounds, knockdown rates are much slower. Various 
studies on in vivo inhibition of fly esterases by OP compounds have Shown 
that maximum inhibition of cholinesterase (ChE) corresponds with the onset 
of knockdown. Additionally, ChE depression is relatively rapid, requiring 
less than 2 h for most compounds (Mengle and Casida, 1958; Van Asperen, 
1960; O'Brien, 1961; Bigley, 1966). Methamidophos knockdown and inactiva-
tion of ChE, however, are slow, requiring about 4 to 8 h for maximum ef­
fects (Khasawinah et al., 1978). Slow knockdown rate is true even when 
methamidophos and acephate are more toxic than methyl parathion (Suksayret-
rup and Plapp, 1977). In examining anticholinesterase activity of methami­
dophos, Khasawinah et al. (1978) found weak binding and a low phosphoryla­
tion rate constant led to slow acetylcholinesterase (AChE) inhibition, as 
discussed in the next section. This phenomenon is consistent with delayed 
appearance of major symptoms. 
The toxic symptoms of methamidophos in rats are typically cholinergic, 
including fine muscular tremors, salivation, and lacrimation (Gray et al., 
8 
1982). After intravenous injection of a toxic dose to female Sprague-
Dawley rats. Gray et al. (1982) found that peak tissue levels of methami­
dophos were achieved within 1-10 min. In the central and peripheral ner­
vous systems, however, peak levels (40 nmol/g) occurred between 20 and 60 
min, corresponding to peak toxicity signs. 
Metabolism and AChE Inhibition of Phosphoramidates 
The biological effect of a chemical depends upon the concentration of 
its active form at the site of action and its duration inside the body. 
These are governed by various factors, including: (1) biotransformation 
rate, (2) excretion rate, and (3) magnitude and nature of chemical binding 
to tissue macromolecules. In vivo fly studies on the metabolism of 
methamidophos indicate no degradation over an 8rh period in susceptible 
and resistant strains (Khasawinah et al., 1978). Furthermore, in vitro 
metabolism studies recorded breakdown products when methamidophos was incu­
bated with cockroach gut or mouse liver slices for 6 h. Major degradation 
products reflect cleavage of the P-N bond in the cockroach gut and mouse 
liver, and of the P-S bond in cockroach gut. Bioassay of breakdown prod­
ucts (which, at the maximum, amounted to only 22% of the incubated 
methamidophos) showed no anti-AChE activity. Both studies provide evi­
dence for lack of activation, and slow metabolic degradation of methamido­
phos. This phenomenon is supported by Kao and Fukuto (1977), Suksayretrup 
and Plapp (1977), Bull (1979), and Gray et al. (1982). Each of these 
authors failed to observe activation of methamidophos in a variety of bio­
chemical systems. In addition, Suksayretrup and Plapp (1977) found that 
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methamidophos was a poor substrate for house fly mixed-function oxidase 
(mfo). 
Eto and co-workers (1977) found a two- to threefold increase in AChE 
inhibition, however, when methamidophos was incubated at 37°C for several 
hours with human plasma or with rat liver mfo fortified with NADPH and 
oxygen. The additional inhibition is attributed to an activated form of 
methamidophos. Parallel studies with a chemical oxidant (m-chloroperben-
zoic acid) provided support for methamidophos sulfoxide as the active in­
termediate, although the product is not stable enough to be isolated for a 
structural proof. The oxidative activation mechanism may be conceivable 
because Thompson and Fukuto (1982) found the thiomethyl moiety was the 
leaving group during enzyme phosphorylation. They are currently investi­
gating this possibility in further detail. 
Methamidophos is the major metabolite of acephate in bean, cabbage, 
and tomato seedlings (Tucker, 1972). Cotton plants (Bull, 1979) and pinto 
bean plants (Crossley, 1971) convert a small but significant amount of 
acephate to methamidophos. Animals, such as rats (Tucker, 1976), female 
white mice (Kao and Fukuto, 1977), and third-instar tobacco budworms, 
Heliothis virescens (F.) (Bull, 1979), also convert a substantial amount of 
acephate or its analogs to methamidophos. Because acephate and its Af-pro-
pionyl derivatives are relatively nontoxic to manunals (rat oral LDJQ of ' 
900 and >1000 mg/kg, respectively), the conversion of these compounds to 
methamidophos is regarded as an activation process. A relationship is sug­
gested between the amount of methamidophos formed in animals and compound 
toxicity. Kao and Fukuto (1977) reported that the propionyl analog 
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generates substantially more methamidophos in house flies than the hexanoyl 
analog, and is 35-fold more toxic. In contrast, white mice generated less 
methamidophos from the propionyl analog than the hexanoyl analog. Bull 
(1979) reported similar results with acephate. He found that acephate was 
more toxic to third-instar tobacco budworms than to adult boll weevils 
{Anthonomus grandis Boheman). Small amounts of methamidophos were ob­
served in tobacco budworm larvae 2 h after topical application of acephate; 
however, no metabolic conversion of acephate to methamidophos in adult boll 
weevils was noticed. These data contribute to the suggestion of differ­
ences in susceptibility between species. 
Insecticide movement in animals is studied by quantitating the dynamic 
time course of chemical absorption, distribution, biotransformation, and 
elimination processes. Khasawinah et al. (1978) studied [^^P] methamido­
phos distribution in house flies. They treated susceptible and CP-resis­
tant strains topically with methamidophos at rates of 2.5 and 7.5 ug/g, 
respectively. Within 4 h postdose, the susceptible strain absorbed 84% 
and excreted 4% of the administered while the resistant strain ab­
sorbed 41% and excreted 17% of the radiolabeled compound. A high excretion 
rate occurs in rats. Within 24 h of intravenous administration of 
[i^CHaS] methamidophos, 47% of the radioactivity was recovered in the . 
urine. Additionally, 34% of the radioactivity was recovered as 
(Gray et al., 1982). 
Phosphoramidate insecticides are classified as neurotoxic AChE inr 
hibitors (Magee, 1982). Some are quite potent, such as phoxim phosphora­
midate analogs (Zerba and Fukuto, 1978), crufomate (Neely et al., 1964), 
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and S-aryl phosphoramidothioates (Sanborn and Fukuto, 1972). The for 
fly head AChE of these compounds ranges from 5.9x10® to 2.0x10® min"^. 
Other phosphoramidates are weak inhibitors, however, such as methamidophos. 
The k^ values of methamidophos against fly head AChE (Quistad et al., 
1970), bovine erythrocyte AChE (Kao and Fukuto, 1977), and rat brain AChE 
(Robinson and Beiergrohslein, 1980) are 9.2x10^, 1.8x10*, and 5.5x10® M"^ 
min'i, respectively. High toxicity to insects and rats.and weak AChE in­
hibition imply that methamidophos toxicity may result from a different 
mechanism than other strong AChE inhibitors. Because of the efforts in­
volved in studying methamidophos, the mode of action of methamidophos in 
the house fly is relatively clear (Magee, 1982). Briefly reviewed, metha­
midophos undergoes very slow in vivo degradation (Khasawinah et al., 1978) 
and is a poor substrate for insect microsomal oxidases and glutathione 
transferases (Suksayretrup and Plapp, 1977). Coupled with superior hydro-
lytic stability at physiological pH, methamidophos can accumulate and ap­
parently maintain a sufficient internal concentration to inhibit consider­
able AChE. Additionally, a rapid aging occurs in methamidophos-inhibited 
fly head AChE (Quistad et al., 1970). All these phenomena provide the con­
ceptual basis that a weak but stable inhibitor can overcome kinetically poor 
AChE inhibition to cause toxicity. 
Except for comprehensive studies with methamidophos (Suksayretrup and 
Plapp, 1977; Khasawinah et al., 1978; Gray et al., 1982), little research 
regarding metabolism and AChE inhibition of other phosphoramidate insecti­
cides has been conducted. Kapoor and Blinn (1977) studied the metabolism 
of phosfolan in male rats. Rats which were orally, administered a single 
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nonlethal dose of [^^C] phosfolan (imino carbon labeling) eliminated 68% of 
the radiocarbon within 6 days. Approximately 48% of the radiocarbon was 
recovered in excreta, and 20% appeared as ^^COz. The major metabolite 
found in rat urine was thiocyanate ions. These ions constituted 76% of the 
urinary radioactivity. Iminodithiolane ring decomposition, without inter­
mediate change to release thiocyanate ion, seems unlikely. Magee (1982) 
suggested activation by rat liver mfo as one possible mechanism. 
Nemacur® is a phenol-based phosphoramidate nematocide and insecticide, 
structurally related to isofenphos. Waggoner (1972) studied Nemacur me­
tabolism in plants. Two major metabolites (sulfoxide and sulfone) were 
found at 7 days posttreatment. These two major metabolites, one minor un­
known metabolite, and the parent Nemacur are strong horse serum AChE in­
hibitors with IgQS between 3.6x10"® and 18.0x10"® M. Their relative 
toxicity to mcimmals, however, is unknown. 
Toxicity and Metabolism of Bendiocarb 
Bendiocarb is a carbamate compound with high contact and residual ac­
tivity on a wide spectrum of insect species (Fisons Corporation, 1979). 
Preliminary studies in Czechoslovakia, Iran, and India for evaluation of 
bendiocarb against mosquito adults showed high contact and long residual 
toxicities (Rettich, 1978; Eshghy et al., 1979; Das et al., 1982). The 
LCgo of bendiocarb on Anopheles messeae Falleroni females is 0.006 g/mf 
(Rettich, 1978). When applied on walls at rates of 0.4-0.5 g/mf, the re­
sidual activity against A. messae and A. stephensi Liston lasted longer 
than 2 months (Eshghy et al., 1979; Rettich, 1978). Bendiocarb is also ef­
fective on some agriculture pests. Bendiocarb concentrations of 0.1% 
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caused 100% mortality of black vine weevils, Otiorhynchus sulcatus (F.)» 
when fed treated foliage (Nielsen, 1983). Problems with the use of bendio-
carb in controlling German cockroaches, however, appeared in England. 
Two German cockroach strains collected from the field received one treat­
ment of bendiocarb wettable powder. They developed tolerance of 5 to 6 
times that of susceptible strains (Barson and McCheyne, 1978). Knockdown 
recovery of the two strains at high bendiocarb concentrations (110 mg r. 
a.i./mf) indicated the potential development of resistance to bendiocarb 
and, therefore, could cause the failure of practical control. 
Mammals are less sensitive to bendiocarb poisoning than insects. The 
acute oral LDgg of technical bendiocarb to rats ranges from 40 to 64 mg/kg; 
the dermal toxicity is very low with a LD^Q of 570 to 600 mg/kg (Fisons 
Corporation, 1979). Toxic effects observed in rats are typical carbamate 
anti-ChE responses, with rapid onset and rapid recovery from sub-lethal 
dosages (Fisons Corporation, 1979). 
Bendiocarb metabolism has been investigated in rats and a male human 
volunteer, using radiolabelled material (Challis and Adcock, 1981). Ben­
diocarb is rapidly and extensively absorbed, and completely metabolized 
following single oral administration at rates of 0.12 mg/kg (human and rats) 
and 2.5 mg/kg (rats). In man, absorption was complete and more than 99% 
of the dose excreted in the urine within 22 h. In rats, more than 86% of 
the radiocarbon was excreted in the urine within 24 h. Minor dose amounts 
were recovered in fecal excretion (3-8%) and carbon dioxide (1-3%). 
Ester hydrolysis is a significant degradation step in man and rats. 
The major site of hydrolysis occurs at the carbamate ester bond, to yield 
the bendiocarb phenol, 2,2-dimethyTbenzo-l,3-dioxol-4-ol (Challis and 
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Adcock, 1981; Adcock and Challis, 1981). This metabolite, occurring as 
sulfate and glucuronide conjugates, accounted for more than 95% of the 
dose excreted by man. In rats, metabolism was more complex. Besides the 
major phenol metabolite, small amounts of conjugates of N-hydroxymethyl 
bendiocarb and several minor metabolites (thought to be ring-hydroxylated 
derivatives of bendiocarb and phenol metabolites) were found in rat urine 
(Challis and Adcock, 1981). Past literature does not provide any descrip­
tion of bendiocarb metabolism in insects. 
Insecticide Metabolism in Corn Rootworms 
Feral WCR and NCR in Illinois showed potential resistance to rootworm 
insecticides (carbofuran, phorate, and fonofos). Tolerance to these com­
pounds was up to 5 times greater than susceptible lines (Chio et al., 
1978). In general, a change in insecticide metabolism is probably the most 
important factor in altering the response to chemical stress (Guthrie, 1980). 
To fully evaluate corn rootworm insecticide toxicology, investigators ex­
amined the metabolism of these potent compounds, in vivo WCR beetle 
studies on the metabolism of diazinon indicated ester hydrolysis as a major 
degradation step. P-O-pyrimidinyl bond cleavage of diazinon and/or diazox-
on yields a phosphorus-containing acid and hydroxypyrimidine (Conaway and 
Knowles, 1969). Chio and Metcalf (1979) compared detoxication mechanisms 
for aldrin, carbofuran, fonofos, phorate, and terbufos in four Diabrotica 
species, NCR, WCR, SCR, and striped cucumber beetle Acalymma (= Uabrotica) 
vittata (F.)) (SCB). They found that adult Diabrotica species utilize simi­
lar detoxication mechanisms, but possess different rates of metabolism for 
the same insecticide. In general, SCR and SCB showed the highest and 
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lowest capacity for insecticide degradation, respectively. These biochemi­
cal measurements provide the basis for insecticide resistance in the four 
species (Chio et al., 1978). 
16 
MATERIALS AND METHODS 
Chemicals 
[Ring-UL-i^C] Isofenphos, analytical standards of isofenphos, and its 
three metabolites, des-N-isopropyl isofenphos, isofenphos oxon, and des-
N-isopropyl isofenphos oxon (Appendix A) were obtained from Mobay Chemical 
Corp. of Kansas City, MO. ^^C-Isofenphos (specific activity 9.96 mCi/ 
mmole) is 98% pure (radiochemically). This purity was confirmed by thin-
layer chromatography (TLC), autoradiography, and liquid scintillation 
counting (LSC). ^^C-Bendiocarb (labeled at the no. 2 carbon of benzo-
dioxole ring), analytical-grade bendiocarb, and the metabolite, bendiocarb 
phenol (Appendix A) were provided by Fisons Corp., Bedford, MA. ^^C-
Bendiocarb was separated from impurities by preparative TLC using silica-
gel 60 F-254 plates (2.0 mm thick, EM Science, Gibbstown, NJ) and ethyl 
acetate-benzene (1:4, v/v) as the developing solvent. The radiochemical 
purity of ^^C-bendiocarb was >99% after purification and gave a specific 
activity of 9.95 mCi/mmole. Radiochemicals were dissolved in benzene 
(1 mg/ml) and stored in the dark at -21°C. Analytical insecticide stan­
dards were dissolved in acetone to make 1% (wt/v) stock solutions. The 
stock solutions were refrigerated at 4.5°C. 
Isopropyl salicylate was prepared by reacting 10 mmoles of salicylic 
acid with 20 mmoles of isopropyl alcohol. While the acid-alcohol solu­
tion was stirred, 0.33 ml of concentrated sulfuric acid was slowly added 
to the solution and the contents refluxed for two and a half hours 
(Croxall et al., 1937). The final product was purified by column chroma­
tography using silica gel (Davison Chemical, Baltimore, MD) and hexane-
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ethyl acetate (4:1, v/v) as the eluting solvent. The product's nuclear 
magnetic resonance (nmr) spectrum (CDCls, IMS): 6 1.27 (d, 6H, J=6Hz, 
-C(CH3)2-), 5.16 (h, IH, J=6Hz, -C-H), 6.57-7.79 (m, 4H, 10.47 (S, 
1H,-0H). All solvents used in these studies were reagent grade. 
Thin-Layer Chromatography and Autoradiography 
Separation and identification of isofenphos and its metabolites were 
accomplished by two-dimensional TLC using 20x20-cm silica gel 60 F-254 
plates (0.25-mm thickness) purchased from EM Science, Gibbstown, NJ. 
Chromatograms were developed twice with hexane-ethyl acetate (4:1) in the 
first dimension. Plates were turned 90° and developed with acetone-hexane 
(3:2). values of isofenphos and suspected metabolites for these sol­
vent systems are given in Table 1. Bendiocarb and its metabolites were 
separated by one-dimensional TLC using 5x20-cm silica gel 60 F-254 plates 
(0.25-mm thickness). values of bendiocarb and its metabolites in two 
solvent systems, toluene-ethyl acetate (4:1), and hexane-isopropanol (4:1), 
are shown in Table 2. Analytical standards were visualized on chromato­
grams using ultraviolet (UV) light (254 nm); they appeared as purple spots 
against a light-green background. 
Radioactive samples were examined with analytical standards using co-
chroma tog raphy. Radiolabeled spots corresponding to known standards on TLC 
plates were scraped into scintillation vials containing 10 ml of PPO-toluene 
cocktail (5 g PPO per liter of toluene). The radioactivity was counted by 
LSC. These spots were also located and confirmed using autoradiography. 
This was accomplished by exposing Kodak® Blue Brand X-ray film to the TLC 
plates for two to four weeks, then developing and fixing the film. 
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Table 1. Rf values for isofenphos and its metabolites in TLC systems 
Compound 
Solvent system 
Hexane-ethyl acetete 
(4:1) 
Acetone-hexane 
(3:2) 
Isopropyl salicylate 
Isofenphos 
Des-W-isopropyl isofenphos 
Unknown 1 
Isofenphos oxon 
Des-N-isopropyl isofenphos oxon 
Unknown 2 
0.73 
0.61  
0.32 
0.13 
0.07 
0.05 
0.04 
0.80 
0.76 
0.72 
0.64 
0.52 
0.30 
0.13 
Table 2. Rf values for bendiocarb and its metabolites in TLC systems 
' Solvent system 
Compound Toluene-ethyl abetate Hexane-isopropanol 
(4:1) (4:1) 
Bendiocarb phenol 0.39 0.47 
Bendiocarb 0.24 0.37 
Unknown 0.11 0.30 
Liquid Scintillation Counting 
Radioactivity in the various rootworm rinses and extracts was counted 
on an LKB Wallac® model 1217 RackBeta liquid scintillation counter. Counts 
were corrected for background, fraction, and counting efficiency. Count­
ing efficiency was determined by machine quench correction, using the ex­
ternal standard channels ratio method. 
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Toxicity Study 
Toxicity for SCR adults and larvae was determined using 48-h topi­
cal LDggS by previously described methods (Anonymous, 1972; Walgenbach 
and Sutter, 1977). SCR were obtained from a laboratory colony and reared 
according to methods described by Branson et al. (1975). Early third-
instar larvae (12 to 16 mg) and adults (14 to 16 days old, 22 to 26 mg) 
were used for bioassay. Unlabeled insecticide stock solutions were warmed 
to room temperature prior to use. Preliminary tests, using a dilution ra­
tio of 1:0.1 were made to determine the required dosage range. Within this 
range, dosage levels were geometrically spaced. Each test was conducted 
with freshly prepared solutions on at least 180 insects. The experiment 
was a randomized complete block design, comprised of three replicates of 
10 insects at each of five dosages and a control (solvent only). Average 
insect body weight was obtained by weighing an additional 50 individuals 
for each assay. This value was used to express dosage as yg/g. Adults 
were anesthetized with carbon dioxide to facilitate handling with forceps; 
larvae were manipulated with a vacuum suction tube. 
Individual beetles were treated topically on the ventral abdominal re­
gion with 1 yl of insecticide solution. Treatments were administered using 
a microapplicator fitted with a 250-yl syringe (Hamilton Co., Reno, NV) and 
a 27-gauge hypodermic needle. Syringes were calibrated as described by 
Humphrey (1976). Doses were applied according to ascending concentration, 
beginning with the acetone control. Groups of treated beetles were kept 
in petri dishes containing water and lettuce pieces. Larvae were treated 
similarly, and kept in petri dishes with water and germinated corn. 
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Mortalities were recorded 48 h after treatment. Moribund beetles, 
incapable of locomotion, were considered dead. Larvae showing uncoor­
dinated movements, including erratic head and thoracic movements, or in­
ability to crawl away from tactile stimulation, were considered dead. If 
the control mortality was less than 10%, Abbott's correction formula 
(Abbott, 1925) was applied to adjust mortality rate. If the control mor­
tality exceeded 10%, results of the experiment were discarded. The LDgg 
value and its standard error (SE) were computed by probit analysis from 
dosage-mortality data (Bliss, 1935; Miller and Tainter, 1944). 
Metabolism Study 
Each metabolism experiment was conducted using 50 SCR except for the 
bendiocarb metabolism studies at 0.083 and 0.5 h posttreatment when 20 
SCR were used. SCR were individually treated on the ventral abdomen 
with 1 yl of radiolabeled insecticide in acetone. Isofenphos was applied 
at topical LDjg values for adults (1.77 yg/g) and larvae (2.08 yg/g)- Ben­
diocarb was applied at the topical LD^g value (0.80 yg/g) and the 1/10 LDgg 
value (0.13 yg/g) for adults and the 1/10 LD^Q value for larvae (0.91 yg/g). 
Radiolabeled insecticide solutions were checked for concentration by LSC 
and radiochemical purity by TLC in solvent systems described previously. 
If radiochemical purity was less than 98%, the solution was discarded and 
replaced with freshly purified, radiolabeled insecticides. 
After treatment, SCR were placed in a 1-oz French square bottle with 
cotton plug. Insects were held at room temperature without food or water 
for the predetermined time period. No mortality was observed for insects 
treated in this manner. SCR treated with isofenphos were sacrificed 
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by deep-freezing the bottle at posttreatment intervals of 1, 2, 4, 8, and 
24 h, while SCR treated with i^C-bendiocarb were analyzed after 0.083, 0.5, 
1, 2, and 4 h. 
Distribution of radioactivity 
Frozen SCR were analyzed using procedures (Figure 2) adopted from 
Hollingworth et al. (1967). Each SCR was rinsed three times with 25 ml of 
acetonitrile. This fraction was designated "external rinse" and contained 
radioactive material that did not penetrate the cuticle. Rinsed SCR were 
then homogenized for 1 min in 25 ml of acetonitrile and extracts were fil­
tered by Buchner funnel. The extraction step was repeated three times. 
The three acetonitrile filtrates were collected and partitioned with 20 ml 
of hexane to remove lipids and pigments. The acetonitrile phase (from par­
titioning the extracts) was referred to as the "internal organic extract." 
The residue was rehomogenized with 10 ml of distilled water and the homoge-
nate filtered through a Buchner funnel. This procedure was repeated three 
times, followed by extraction with 10 ml of acetone-methanol (1:1). All 
distilled water and acetone-methanol filtrates were combined to form the 
"internal aqueous extract." The residual extraction material was air-dried 
and digested by chemical solubilization techniques (described in the fol­
lowing paragraph) to provide an "unextractable residue" fraction. Resi­
dues in holding jars were digested similarly, as unextractable residue 
fractions, to form the "container rinse." 
Total radioactivity in all rinses, extracts, and residual fractions 
was assayed by LSC. The individual "external rinse" and "internal organic 
extract" were evaporated to near dryness using a rotary evaporator (at 30°C 
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Figure 2. Steps followed in the extraction, TLC, and radiocarbon analysis of labeled insecticide 
metabolites from insect and container rinse ( distribution studies; 
metabolism studies) 
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and reduced pressure). Final volume was adjusted to 2 ml with acetone. 
Aliquots of 0.2 ml were added to liquid scintillation vials. The acetone 
was allowed to evaporate, 10 ml of a PPO-toluene cocktail was added, and 
radioactivity was counted by LSC. The remaining samples were transferred 
into a specimen vial (2 dram) and reduced to dryness using a gentle stream 
of dry nitrogen. The residue was dissolved in 0.2 ml of acetone and stored 
at -12°C until analyzed by TLC. Radioactivity in the "internal aqueous ex­
tract" was estimated by counting 0.5-ml aliquots in 10 ml of Biofluor^^ 
(New England Nuclear, Boston, MA). The total volume of internal aqueous 
extract was recorded for final fraction adjustment. Content in "unex­
tractable residue" was determined using a chemical solubilization technique 
adapted from Mahin and Lofberg (1966). Aliquots of 50 mg, from each air-
dried unextractable residue sample, were placed in a glass liquid scintil­
lation vial. Each vial was subsequently treated with 0.2 ml of 60% per­
chloric acid, followed by 0.4 ml of 30% hydrogen peroxide. Vials were 
tightly sealed, and placed in a 75°C oven for 2 h. After warming, vial 
contents were clear and colorless. After cooling the sample vials to room 
temperature, 6 ml of Cellosolve® (2-ethoxyethanol) was added to each vial 
followed by 10 ml of PPO-toluene cocktail. Samples were allowed to equili­
brate in the dark for 1 h before counting. The results of 50 mg aliquots 
in yCi/g multiplied by the total dry weight of the corresponding sample, 
furnished a total amount of radioactivity in unextractable residues for each 
posttreatment period. "Container rinse" radioactivity was determined by 
the chemical solubilization techniques previously described, except the di­
gestive reaction was conducted in the holding jar. The digestive residue 
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was mixed with 6 ml of Cellosolve and transferred into scintillation vials 
containing 10 ml of PPO-toluene cocktail. Solubilization of spiked unex-
tractable residue samples and container rinse samples resulted in 87±1% 
and 64±2% recovery, respectively. All results reflect averages of at least 
two trials. 
Container rinses for metabolite analysis were obtained using 30 SCR. 
Insect treatment methodology was similar to the metabolism study. Holding 
jars were washed three times with 10 ml of acetonitrile. Extracts were 
filtered through a Buchner funnel. The combined filtrate was evaporated 
using a rotary evaporator, and the final concentrate volume was adjusted 
to 0.2 ml with acetone. 
Penetration study 
Each penetration experiment utilized 10 SCR treated with radiolabeled 
insecticides. Treatment methodology was similar to the metabolism study. 
However, only one bendiocarb dosage rate (1/10 LD^Q value) for adults was 
used. In addition to the external rinse sets used in the radioactivity 
distribution section, groups of treated insects were rinsed at shorter time 
intervals to measure the initial penetration rate. SCR treated with ^**0-
isofenphos were analyzed at 0, 5, 10, 20, and 30 min posttreatment, while 
SCR treated with ^^C-bendiocarb were analyzed at 0, 2, and 10 min post-
treatment. Radioactive recovery in the "external rinse" was plotted 
against time on semi-log paper to estimate penetration rate. Each time 
interval experiment was replicated three times. 
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Metabolite separation and identification 
The nature of radioactive extracts was determined by TLC and auto­
radiography. Each internal organic extract and container rinse from ^^C-
isofenphos treated SCR was concentrated to 0.2 ml. A 50-pl aliquot of each 
concentrated sample was co-chromatographed with 10 pi of a solution of non­
radioactive isofenphos and its metabolite standards. Samples were applied 
to TLC plates and predeveloped with n-hexane to separate lipids. Separa­
tion and identification of isofenphos and its metabolites were achieved 
by two-dimensional TLC and autoradiography as described in the previous 
TLC section. Radioactive spots corresponding to X-ray film images and 
analytical standards (as determined by UV light) were scraped into scin­
tillation vials. Spot radioactivity was quantified by LSC. 
Bendiocarb metabolite analysis was conducted using internal organic 
extracts and container rinses. Bendiocarb and its metabolites were sepa­
rated, identified, and estimated by one-dimensional TLC, autoradiography, 
and LSC as described in the previous TLC section. Data for the metabolite 
study represent averages of two trials. 
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RESULTS AND DISCUSSION 
Toxicity Study 
Isofenphos and three of its metabolites were toxic to SCR (Table 3). 
Adult LDgQ values ranged from 1.7 to 2.7 yg/g. Larval LD^q values varied 
between 5.9 and 8.2 yg/g. Larvae were approximately 2.5 to 3.6 times less 
susceptible than adults (1.8 to 5.2 times less susceptible when the SE is 
considered). 
Table 3. Toxicity of isofenphos and its metabolites to adults and third-
instar larvae of southern corn rootworm Diabrotica undecimpunc-
tata hovfordi Barber 
LDgQ (yg/g) ± SE" 
Chemical Adults Larvae 
Isofenphos 
Isofenphos oxon 
Des-N-isopropyl isofenphos 
Des-N-isofiropyl isofenphos oxon 
2.4 ± 0.1 
2.7 ± 0.2 
1.7 ± 0.1 
1.8 ± 0.1 
5.9 ± 1.7 
8.2 ± 2.9 
6.1 ± 1.9 
6.3 ± 2.6 
Mean of three replicates. Values are for 48-h posttreatment obser­
vations to SCR treated topically on the ventral abdomen with 1 ul of 
chemical in acetone solution. 
Toxicity differences, for several insecticides, between adult and 
larval SCR and other rootworm species were noticed by Hamilton (1966), 
Walgenbach and Sutter (1977), and Solheim (1982). The trend in stage sus­
ceptibility, however, is not consistent among chemicals and/or species. 
Comparative toxicities on corn rootworm adults and third-instar larvae are 
shown in Table 4. SCR larvae vjere less susceptible than adults to isofen­
phos and bendiocarb (Table 4). Similar results were obtained for 
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Table 4. Comparative toxicity of topically applied insecticides to corn 
rootworm adults and third-instar larvae (WCR = western corn 
rootworm, SCR = southern corn rootworm, NCR = northern corn 
rootworm) 
LD50 (vg/g) 
Chemical Insect 
Adults Larvae 
A1drin® WCR 502-2487 2110-3690 
Bendiocarb^ SCR 1.3 9.1 
Carbofuran^ SCR 1.3 23.1 
WCR 1.5 12.7 
NCR 1.6 9.2 
Isofenphos SCR*^ 2.4 5.9 
WCR^ 2.3-3.9 0.6-1.4 
Terbufos^ SCR 4.3 3.7 
WCR 4.7 1.1 
^From Hamilton (1966). 
'^From present experiment. 
''From Solheim (1982). 
*^From Walgenbach and Sutter (1977). 
carbofuran-treated SCR, WCR, and NCR larvae (Solheim, 1982). Additionally, 
aldrin-resistant WCR larvae are less susceptible to aldrin than adults 
(Hamilton, 1966). Larvae are more susceptible than adults for terbufos-
treated WCR and SCR (Solheim, 1982) and isofenphos-treated WCR (Walgenbach 
and Sutter, 1977). Contrasting isofenphos toxicity relationships for 
adult and larval SCR and WCR may be attributable to the insect source. 
SCR adults and larvae were obtained from laboratory colonies. WCR adults 
were collected from insecticide-treated fields in South Dakota; WCR imma­
tures were one generation (first-generation, F^) from field collection. 
The possibility of different rootworm species causing contradictory results 
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is unlikely, because both species have similar larval feeding habits and 
development, taxonomic status (Branson et al., 1975), and susceptibility to 
corn rootworm insecticides (Chio et al., 1978; Gemrich and Goldsberry, 
1982). Thus, the source and chemical-exposure history of the insects may 
be the reasons for differences in response to insecticides. 
Isofenphos oxon was the least toxic metabolite (Table 3) against adults 
and larvae. Toxicity of isofenphos oxon was not significantly different from 
the other compounds to larvae, however. March et al. (1964) found that many 
phosphoramidates are less toxic to house flies than their phosphoramidothio-
ate analogues. This effect is probably attributable to unfavorable proper­
ties (solubility, absorption, adsorption, etc.) in phosphoramidates (March 
et al., 1984). In contrast. Waller (1972) and Solheim (1982) found that 
oxidized metabolites of phorate and terbufos (oxon, sulfoxide, and sulfone 
analogues) are equally or more toxic than their parent compounds. Modes of 
action in most organophosphate insecticides have been clearly defined. 
Oxidative metabolism is the major activation process (Nakatsugawa and X 
Morelli, 1976; Fukuto, 1978), and oxidative metabolites are more potent 
AChE inhibitors than their parent compounds (e.g., paraoxon vs. parathion). 
Modes of action in most phosphoramidates, however, are obscure. Although 
some structure-activity studies were done (Neely and Whitney, 1968; Quistad 
et al., 1970; Sanborn and Fukuto, 1972; Wustner et al., 1978), some questions 
remain unanswered. These questions include: do phosphoramidates undergo 
oxidative activation, and what mechanisms are involved in AChE inhibition? 
Des-N-isopropyl metabolites show similar LDgQ values for adult SCR and 
for larval SCR (Table 3). Des-N-isopropyl isofenphos and des-N-isopropyl 
isofenphos oxon were significantly more toxic than their corresponding 
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analogues in adults (Table 3). A short amido side chain may contribute to 
higher toxicity (March etal., 1964). However, larval LD^Q values of isofen-
phos and its metabolites were not significantly different from each other. 
Insecticide toxicity values varied with bioassay methods. Isofenphos 
topical LDgQ for third-instar SCR larvae was 5.9 ± 1.7 vg/g (Table 3). 
The contact LCgQ value for SCR larvae, using a soil bioassay, is 1.2 ± 0.05 
ppm (Sutter, 1982). To compare the amount of isofenphos to which each lar­
va is exposed with these two bioassays, LC^Q and LDgg values were converted 
to a similar basis. Each larva for the present study received 0.094 pg of 
isofenphos at the LDgQ level using topical application. In Sutter's (1982) 
experiment, each larva was exposed to an "average" of 4 yg per larva of 
isofenphos at the LCgQ level using soil bioassay. The contact LCgg value 
was approximately 43 times greater than topical application LD^Q value. 
This relationship agrees with Oppenoorth's observations (1959) that a lin­
ear relationship exists between the results obtained with the contact 
method and topical application; the contact LDgQ values are approximately 
20 times greater than the topical application LDgQ values. 
The range between the most toxic compound and the least toxic compound 
was less for topical application than for soil bioassay (Table 5). In topi­
cal application, third-instar SCR larval mortality was 1.4 times greater 
for the most toxic compound (isofenphos) than for the least toxic metabo­
lite (isofenphos oxon). In soil bioassays, third-instar WCR larval mor­
tality was 33 times greater for the most toxic compound (isofenphos) than 
for the least toxic compound, (des-N-isopropyl isofenphos oxon) (Dr. G. R. 
Sutter, U.S. Departpment of Agriculture, Brookings, SD, personal communi­
cation). 
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Table 5. Comparative toxicity of isofenphos and its metabolites to 
third-instar corn rootworm larvae in topical application and 
soil bioassay methods 
Method 
Chemical Topical application* Soil bioassay^ 
(LDggj V19/9) (LCgQ, ppm) 
Isofenphos 5.9 0.3 
Isofenphos oxon 8.2 1.9 
Des-N-isopropyl isofenphos 6.1 1.2 
Des-N-isopropyl isofenphos oxon 6.3 >10 
^From present experiment. 
^Personal communication. Dr. G. R. Sutter, U.S. Department of Agri­
culture, Brookings, SD. Values are 48-h posttreatment observations to 
third-instar WCR larvae using soil bioassay. 
The topical 48-h LDgg (with SE) of bendiocarb to SCR adults and 
third-instar larvae were 1.3 ± 0.1 and 9.1 ± 4.0 yg/g, respectively. Sim­
ilar results were obtained for laboratory-reared WCR larvae with an 
LD50 value of 7.7 yg/g (Walgenbach and Sutter, 1977). Bendiocarb phenol 
did not cause intoxication symptoms at test concentrations as high as 385 
yg/g. Bendiocarb and carbofuran are structurally similar. Their toxicity 
to SCR adults is identical, while bendiocarb is 2.6 times more toxic than 
carbofuran to SCR larvae (Table 4). 
The onset and severity of intoxication varied for the two parent 
insecticidal chemicals tested. SCR adults dosed with isofenphos at 
an LDgg rate of 2.4 yg/g exhibited hyperactivity and uncoordinated move­
ments at 2 h. Half of the treated beetles were knocked down at 4 to 5 h. 
Bendiocarb-treated beetles displayed typical fast-acting carbamate intoxi­
cation symptoms. Following an LDgg dosage of 1.3 yg/g, all beetles were 
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knocked down in 20 min. Recovery began 5 h after knockdown. Larvae 
treated with bendiocarb at an LDgg of 9.1 yg/g regurgitated or salivated 
profusely; knockdown occurred in 10 min and recovery started in 8 h. Lar­
vae treated with isofenphos did not regurgitate or salivate; however, 
after 1 h, they appeared hyperactive and uncoordinated. 
Metabolism Study 
The poisoning process of an insecticide may be thought of as a series 
of several more or less distinct phases. These phases include exposure, 
penetration, distribution, metabolism, and excretion. A modified scheme 
(Figure 3) of the Loomis presentation (1978) illustrates the pathways that 
an insecticide follows after contact with the insect. Several important 
factors affect insecticidal toxicity. These factors include: penetration 
rate of the insecticide through the insect cuticle, the rate of chemical 
metabolism, the rate of conjugation of primary metabolites, the excretion 
rate of the insecticide and/or its metabolites (Kuhr, 1970), and AChE sen­
sitivity to inhibition by the insecticide (Tripathi and O'Brien, 1973). 
Sun (1968) used simple mathematical equations or graphical evaluations to 
express the relationship between insecticide toxicity, penetration rate, 
and detoxication of insecticides. He indicated that differences in inte­
grated areas between penetration and detoxication represent accumulation 
of toxicants. The amount of accumulation determines the difference in 
toxicity between insect species, as well as susceptible and resistant 
strains of the same species. The present experiment was conducted to 
elucidate the toxicity difference between SCR adults and larvae. Metabo­
lism studies were approached from three aspects. First, the distribution 
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Figure 3. Possible insecticide pathways after contact with an 
insect. Adapted from Loomis (1978) 
of radioactivity dealt with insecticide movement through the insect fol­
lowing treatment. The objective was to quantify insecticide absorption, 
allocation, and elimination processes during dynamic time course. Second­
ly, penetration rates of insecticides were measured. Finally, metabolites 
were separated and identified. This final aspect helped determine the 
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nature and amount of specific metabolites, the rate of biotransformation, 
and major metabolic mechanisms. 
SCR adults and larvae were treated with the LD^g dosage of isofenphos 
or the 1/10 LDgQ dosage of bendiocarb in the metabolism study. Because of 
the differences in susceptibility to the insecticide between adults and 
larvae, the absolute amounts causing the same mortality rate were differ­
ent. When a LD^g dosage was expressed as the amount of insecticide per in­
sect, the isofenphos LDJQ was 46 ng/adult and 34 ng/larva; for bendiocarb, 
the 1/10 LDgQ was 3.4 ng/adult and 14.9 ng/larva. The applied dose of iso­
fenphos was 1.35 times greater for adults than for larvae, while the applied 
dose of bendiocarb was 4.3 times less for adults than for larvae. 
Many researchers used the same applied dose to compare toxicity dif­
ferences on insects with various susceptibilities. They concluded that 
susceptible insects accumulate greater amounts of internal toxic compounds 
(Plapp et al., 1961; Ku and Bishop, 1967; Farooqui and Metcalf, 1983). 
However, similar applied doses to insects varying in their susceptibili­
ties to insecticide cause different mortality rates. If the administered 
dose is suitable for the less susceptible insect and/or stage, the dose 
amount may cause mortality to the more susceptible insects. Penetration, 
metabolism, and excretion of dead or dying insects work differently than 
in living insects. Elliott et al. (1970) reported that penetration rates 
of 2,3-dimethyl chrysanthemate and benzyl (±)-cis-trans-chrysanthemate 
were slower in dead mustard beetles (Phaedon cochleariae) than in the 
live beetles. If the applied dose is correct for the susceptible in­
sects, the dose amount may be too low for the less susceptible insects. 
The low dose may be unable to provide sufficient challenge to allow 
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discrimination of differences in the activity of the detoxifying enzyme 
system (Bull et al., 1983). The varying amounts of internal toxic 
doses, governed by the rates of penetration, metabolism, and excretion, 
fail to reflect the actual contrast in toxicokinetics between insects with 
different susceptibilities. 
Different applied doses that cause the same mortality rates to various 
insects may produce different or similar amounts of internal toxic com­
pounds. If the ratio of the two applied doses equals the ratio of the two 
amounts of internal toxic dose, the toxicokinetics of the insecticide are 
similar between insects and/or stages. Different ratios between the ap­
plied doses and the amounts of internal toxic dose imply genuinely differ­
ent toxicokinetics between insects. Hollingworth et al. (1967) found that 
resistant (R) house flies showed greater degradation of methyl paraoxon and 
Sumioxon than the susceptible (S) strain. Two hours after treatment, the 
S-strain (treated with 2 yg/g) contained 0.003 yg/fly of Sumioxon or 0.0021 
yg/fly of methyl paraoxon, while the R-strain treated at 65 pg/g contained 
0.0061 or 0.0089 yg/fly of Sumioxon and methyl paraoxon, respectively. The 
different ratios for the applied dose (35) and the amount of internal toxic 
dose (2-4) were attributed to the faster degradation of methyl paraoxon and 
Sumioxon in the R-strain. 
Distribution of radioactivity 
Distribution of recovered radioactivity in SCR adults and larvae at 
various times following topical application with ^"^C-isofenphos are pre­
sented in Table 6. Radioactivity was determined in each of the following 
fractions; • external rinse, internal organic extract, internal aqueous 
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Table 6. Distribution of radioactivity in southern corn rootworms follow­
ing a topical application of L0,« dosage of ^^C-labeled iso-
fenphos® 
% applied dose recovered after 
indicated treatment time (h) 
Stage Fraction 1 2 4 8 24 
Adult^ External rinse 16.6 11.3 7.8 4.5 1.1 
Internal organic extract 71.3 65.4 53.7 44.0 15.8 
Internal aqueous extract 4.3 7.5 10.4 13.7 14.6 
Unextractable residue*" 3.4 5.0 5.8 7.4 8.2 
Container rinse^ 3.6 3.5 10.2 17.9 35.1 
Total recovery 99.2 92.7 87.9 87.5 74.8 
Larva^ External rinse 6.9 2.3 1.3 0.4 0.2 
Internal organic extract 59.4 45.9 37.6 21.4 9.5 
Internal aqueous extract 11.1 11.5 13.6 14.4 17.8 
Unextractable residue^ 0.5 0.6 0.6 0.6 0.4 
Container rinse'' 9.1 13.3 19.1 32.6 43.0 
Total recovery 87.0 73.6 72.2 69.4 70.9 
®Data represent means of two replicates. 
^iDio dosages of isofenphos to adults and larvae are 1.77 yg/g and 
2.08 yg/g, respectively. 
^After incubating samples in the oven at 75°C for 2 h, values were 
corrected for radioactivity loss. The correction factors for unextract-
able residue and container rinse are 0.87 and 0.66, respectively. 
extract, unextractable residue, and container rinse. The data represent 
averages of two replicates and are expressed as percentages of the ap­
plied dose. Total recovery ranged from 74.8 to 99.2% in adults, and 69,4 
to 87.0% in larvae (Table 6). Decreased recovery over time may indicate 
insecticide transformation to metabolites which, under the present extrac­
tion techniques, evaporate or bind tightly with tissues and cannot be fully 
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recovered. Although differences in total recovery of applied materials 
tend to deny any definite conclusion, the data indicate distinct distribu­
tion characteristics between SCR adults and larvae. 
Radioactivity recovered in the external rinse, representing materials 
remaining on the insects, decreased with time. The diminishing rate was 
faster for larvae than adults. At 1 h posttreatment, approximately 7% of 
the radiocarbon applied to larvae as ^^C-isofenphos was recovered in the 
external rinse. This fraction from adults, however, contained approxi­
mately 17% of the applied dose (Table 6). The percentage of external 
rinse is useful in estimating penetration into the insect body, assuming 
that insecticide volatility and mechanical rub-off "are not important" 
factors (Sun, 1968). To determine whether volatilization plays a role in 
insecticide distribution, dead SCR adults and larvae were treated with 
^•^C-isofenphos and kept in tightly sealed scintillation vials. After 24 h, 
insects were removed from the vials, and radioactivity recovered in scin­
tillation vials was recorded. This radioactivity represents the amount of 
volatilization. Results show that volatilization, comprising 4.5 and 0.4% 
of applied doses on adults and larvae, respectively, was unimportant. 
Radioactivity from mechanical rub-off was included in the container rinse 
fraction. It was impossible to separate excreted radioactivity from that 
rubbed off through contact of treated insects with inner surfaces of con­
tainers. However, steady increase of radioactivity with time in container 
rinse (Table 6) suggests that radioactive material resulted largely from 
excretion, very little from mechanical abrasion. 
Because volatilization and mechanical rub-off were unimportant, the 
percentage of penetration was calculated from the difference between total 
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recovery {%) and external rinse (%). Isofenphos penetrated rapidly in SCR 
adults and larvae (Figure 4). At 1 h posttreatment, approximately 80% of 
the applied dose penetrated the larval cuticle. Additionally, no penetra­
tion occurred after 2 h. From 2 to 24 h posttreatment, mean recoveries of 
administered ^"*0 were between 69 and 71%. In adults, the penetration rate 
of isofenphos was initially rapid but no penetration occurred 2 h post-
treatment, with average recoveries (of applied ^**0) between 80 and 83% 
(Figure 4). At 24 h posttreatment, approximately 74% of administered ^**0 
was recovered. 
Internal organic extracts represented compounds that were free in the 
hemolymph or loosely bound to tissues and extractable by organic solvents. 
Major portions of applied dosages were found in this fraction. A higher per­
centage of radioactive compounds was recovered in adults than in larvae (Ta­
ble 6). The quantities of radioactive materials in the organic soluble 
fraction decreased over time, going from 71.3% of applied dose at 1 h to 15.8% 
of applied dose at 24 h in adults; comparable data for larvae were 59.4% of 
applied dose at 1 h and 9.5% of applied dose at 24 h. Internal aqueous ex­
tracts, including polar metabolites and conjugated compounds, comprised less 
than 18% of the applied dose (Table 6). Formation of aqueous compounds was 
faster in larvae than in adults. At 1 h posttreatment, 11% of radioactive 
material applied to larvae was recovered in aqueous extracts. Conversely, 
only 4.3% of the radioactive material applied to adults was recovered in 
aqueous extracts. Mean recoveries of applied radiocarbon in aqueous ex­
tracts of larvae were relatively constant from 1 to 24 h. Recoveries in com­
parable fractions from adults increased steadily, from 4.3% of applied dose 
Figure 4. Penetration of isofenphos in southern corn rootworms after 
topical application (percentage of applied dose that is pres­
ent in internal organic extract, internal aqueous extract, 
unextractable residue, and container rinse) 
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at 1 h posttreatment to 14.6% of applied dose at 24 h posttreatment. Un-
extractable residues represented materials incorporated or bound tightly 
to insoluble tissue residues. Relatively low radioactivity was contained 
in this fraction; less than 1% of applied dose was recovered from unex-
tractable residues in larvae. Higher amounts of radioactivity in the unex-
tractable residue (3.4 to 8.2% of applied dose) were found in adults. 
However, these amounts were lower than those obtained from the other two 
internal extracts (Table 6). High recovered radioactivity from internal 
organic extracts and low recovered radioactivity from unextractable resi­
dues implies that isofenphos and its metabolites are not bound firmly to 
tissues. 
Container rinses represented the amounts rubbed off plus the excreted 
doses. Activity from rubbed off dosages should remain constant or de­
crease with time (Khasawinah et al., 1978). The recovered radioactivity 
in container rinses increased with time, which suggests that appreciable 
amounts of isofenphos and/or its metabolites were excreted. SCR larvae 
excreted doses in greater amounts and at faster rates than adults (Figure 
5). Isofenphos initial excretion rate for larvae was approximately 3.06 
yg/h. This rate declined gradually from 1.56 yg/h at 1 h posttreatment 
to 0.44 yg/h after 8 h. Excretion rate for adults was 1.15-1.20 yg/h 
from 2-24 h after treatment. If excretion percentage was based on dosage 
penetrated, rather than applied dosage, 61% of the penetrated dose was ex­
creted by larvae while 47% of the penetrated dose was excreted by adults 
at 24 h posttreatment. A faster initial excretion rate (Figure 5) may ex­
plain the lower isofenphos toxicity for larval SCR. 
Figure 5. Excretion of isofenphos in southern corn rootworms after 
topical application 
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Distribution of recovered radioactivity in SCR adults and larvae at 
various times, following topical application with ^^C-bendiocarb, are pre­
sented in Table 7. Because SCR were knocked down fast by bendiocarb, 
adults and larvae were treated at 1/10 LDgQ dosage and analyzed at shorter 
periods after treatment (0.083, 0.5, 1, 2, and 4 h). At this dosage, how­
ever, no knockdown was observed. Data represent averages of three repli­
cates. Total recovery of applied dosages decreased with time (Table 7). 
Percent recovery ranged from 90.4 to 100.6% for SCR adults, and 83.1 to 
96.7% for SCR larvae. 
Table 7. Distribution of radioactivity in southern corn rootworms follow­
ing a topical application of 1/10 LDr. dosage of ^^C-labeled 
bendiocarb* 
% applied dose recovered after 
indicated treatment time (h) 
Stage Fraction 0.083 0.5 1 2 4 
Adult^ External rinse 44.8 19.8 10.6 8.8 6.0 
Internal organic extract 48.1 64.9 68.3 61.0 52.5 
Internal aqueous extract 0.5 3.8 4.2 7.2 9.1 
Unextractable residue^ 1.3 2.1 1.3 2.9 2.2 
Container rinse^ 4.8 10.0 12.7 12.3 20.6 
Total recovery 99.5 100.6 97.1 92.2 90.4 
Larva^ External rinse 32.8 13.2 11.6 4.7 2.7 
Internal organic extract 50.3 55.3 60.5 64.3 49.1 
Internal aqueous extract 3.4 3.8 6.8 9.0 16.7 
Unextractable residue^ .0 .0 0.1 .0 0.2 
Container rinse^ 10.2 14.9 13.1 13.8 14.4 
Total recovery 96.7 87.2 92.1 91.8 83.1 
^Data represent means of three replicates. 
^1/10 LDgQ dosage of bendiocarb to adults and larvae are 0.13 yg/g 
and 0.91 yg/g, respectively. 
^The correction factors are used as described in the footnote of 
Table 6. 
44 
Volatility of bendiocarb was not an important factor. Percent losses 
through volatility 24 h after topical application of ^^C-bendiocarb on 
adults and larvae were 4.3 and 3.1%, respectively. The percentage of ben­
diocarb penetration was calculated as described previously for isofenphos 
penetration. SCR larvae showed faster penetration rates than adults dur­
ing the first 5 min (0.083 h) (Figure 6); approximately 64% of bendiocarb 
applied to larvae penetrated through the cuticle, while, in adults, only 
55% of the applied dose penetrated the body. The results imply, therefore, 
that penetration mechanisms were probably unimportant to selective toxici­
ty of bendiocarb between SCR adults and larvae. 
The major radioactive portion was found in the internal organic ex­
tract (Table 7). Recovered radioactivity, in tms fraction, ranged from 
48 to 68% in adults and 49 to 64% in larvae. The highest amount of radio­
activity in adults was obtained 1 h posttreatment, while the highest re­
covery of radioactivity from larvae appeared 2 h posttreatment. During • 
the first 4 h after treatment, a change in radioactivity recovery pattern 
for internal organic extract coincided with that in penetration (Figure 
6), indicating little tissue binding, and/or constant excretion rate of 
bendiocarb. 
Radioactive recovery in internal aqueous extracts increased with time 
(Table 7). Higher amounts of radioactivity in this fraction from larvae 
imply that more aqueous soluble metabolites formed in larvae than in 
adults. Compared to other fractions, only trace amounts of radioactivity 
were recovered from unextractable residues. This indicates that bendio­
carb metabolites rarely bind to tissue components. 
Figure 5. Penetration of bendiocarb in southern corn rootworms after 
topical application (percentage of applied dose that is pres­
ent in internal organic extract, internal aqueous extract, 
unextractable residue, and container rinse) 
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Container rinses of bendiocarb in SCR adults and larvae are shown in 
Figure 7. During the first 5 min, larvae showed faster excretion rates 
than adults. Between 1 and 2 h posttreatment, percentage of excretion was 
similar between adults and larvae with recoveries ranging from 12 to 14% 
of the administered radiocarbon. Two hours after treatment, percentage of 
excretion increased in adults while remaining constant in larvae. Data 
from internal aqueous extracts and container rinses imply different detoxi-
cation mechanisms and/or rates between SCR adults and larvae. This im­
plication will be discussed in greater detail in the following section: 
"metabolite separation and identification." 
Excretion rate of bendiocarb in SCR was slower than in mammals. A 
male volunteer (Challis and Adcock, 1981) excreted approximately three 
times more radiocarbon (36% of dose) than SCR 2 h after oral administration 
of i^t-bendiocarb. Male rats received single oral administrations of ^^C-
bendiocarb at two dosage levels (0.125 and 2.5 mg/kg). Within 8 h post-
treatment, rats excreted approximately 81 and 71% of the administered 
doses, respectively (Challis and Adcock, 1981). 
Bendiocarb distribution in SCR adults was affected by the amount of 
applied dosage. SCR adults were treated with ^^C-bendiocarb at two dose 
levels: 0.13 yg/g (1/10 LDgg) and 0.80 yg/g (LD^g). Beetles treated with 
LDJQ dosages showed hyperexcitability 5 min after treatment; half an hour 
later, all beetles were knocked down. Approximately 4 h after treatment, 
all beetles recovered. At 1/10 LDg^ dose, beetles showed hyperexcitabili-
ty; however, none were knocked down. A comparative distribution of radio­
activity in beetles at these two dosages: 0.13 yg/g (1/10 LDgg) and 0.80 
Figure 7. Container rinses of bendiocarb in southern corn rootworms at 
various times after topical application 
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yg/g (LDj^g), are shown in Table 8, and Figures 8 and 9. Data were ex­
pressed as ^'•C{10"'* pg/aduU as bendiocarb equivalents) recovered from each 
fraction. Diminution of bendiocarb from the external rinse reveals curvi­
linear graphs of similar configuration whether applied dosages were barely 
toxic (1/10 LDgg) or more poisonous (LD^q). A semilog plot of external 
rinse vs. time (Figure 8) shows two exponential phases for each dose. Dis­
sipation rates were fast from 5 min to 1 h after topical treatment, and 
diminished 1 to 4 h posttreatment. Bendiocarb at the LD^Q dose diminished 
slightly faster than at the 1/10 LDgg dose. Dissipation rate constants 
(slopes of the straight lines) at LD^g dose and 1/10 LD^q dose were 0.034 
min'i and 0.026 min"^ in phase 1 (5 min to 1 h); 0.0056 min"^ and 0.0033 
min'i in phase 2 (1 h to 4 h). 
Table 8. Distribution of radioactivity in southern corn rootworm adults 
treated with ^"^C-bendiocarb at two dosage levels^ 
^'*C(10~'^ vg/adult as bendiocarb 
equivalent) recovered after 
Dosage Fraction indicated treatment time (h) 
pg/g 0.083 0.5 1 2 4 
External rinse 15.2 6.7 3.6 3.0 2.0 
Internal organic extract 16.3 22.0 23.1 20.7 17.8 
0.13 Internal aqueous extract 0.2 1.3 1.4 2.4 3.1 
(1/10 LDcn) Unextractable residue® 0.4 0.7 0.4 1.0 0.7 
Container rinse® 1.6 3.4 4.3 4.2 7.0 
External rinse 111.5 44.2 17.5 11.9 6.3 
Internal organic extract 77.3 115.1 126.3 122.6 118.4 
0.80 Internal aqueous extract 4.6 9.6 12.9 14.8 25.0 
(LDin) Unextractable residue® 2.5 5.8 9.0 8.3 9.4 
Container rinse® 12.5 26.7 8.5 6.3 5.4 
®Data represent means of three replicates at 0.13 yg/g dosage level 
and two replicates at 0,80 yg/g dosage level. 
^The correction factors are used as described in the footnote of 
Table 6, 
Figure 8. Radiocarbon recovered in external rinse following topical 
application of ^"^C-bendiocarb to southern corn rootworm 
adults at two dosage levels 
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Figure 9. Distribution of applied radioactivity in internal organic 
extract, internal aqueous extract, unextractable residue, 
and container rinse at different time intervals from south­
ern corn rootworm adults following topical application with 
0.13 yg/g (solid lines) and 0.80 yg/g (dot-dashed lines) of 
bendiocarb, respectively 
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Radiocarbon was recovered mostly from the internal organic extracts. 
Highest amounts were obtained 1 h after topical application with either 
dose. Radiocarbon in the internal organic extract decreased slowly after 1 
h, but still was the highest radiocarbon concentration in the body. At 1 h 
posttreatment, concentration gradients between external rinse and internal 
organic extract may have reached an equilibrium, indicating that the pene­
tration rate began slowing down. Continued high radioactive concentration 
in the internal organic extract implies slow excretion of bendiocarb, 
Bendiocarb at the LD^Q dosage revealed more obvious changes than at 
the 1/10 LDgQ dosage (Figure 9). At the LD^Q dosage, large amounts of 
radioactivity were recovered from container rinse during the first half 
hour. Additionally, some polar metabolites were formed and bound to tis­
sue components. These changes indicate that beetles first respond to ben­
diocarb primarily by purging out and/or rubbing off the parent compound 
within a short time after treatment. Half an hour later, recovered radio­
activity in the container rinses decreased appreciably. Possibly, parent 
bendiocarb was volatilized or reabsorbed by beetles. One hour after treat­
ment, the radioactive recovery increased continuously in the internal 
aqueous extract, but not in the unextractable residue, suggesting that 
radioactivity in the internal organic extracts is gradually transformed 
into more polar metabolites instead of binding to tissues. At the 1/10 
LDgg dosages, radioactive recovery in the internal aqueous extract and 
container rinses increased with time. The rate of transformation, how­
ever, was slower than at the LD^g dosages. Low radioactivity recovered 
from unextractable residue implies that few compounds bind to tissues. 
Collins et al. (1983) compared toxicokinetics of carbofuran in house 
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flies at an LDgQ dose and an LD^q dose. They found a smaller volume of 
distribution (Vd) and slower elimination of carbofuran in the hemolymph at 
the LDgQ dose. These findings provide evidence that some tissues and/or 
enzymes involved in removing insecticide from the hemolymph become satu­
rated. 
SCR larvae treated with an LD^g dose showed variations in mortality 
over time. Therefore, bendiocarb metabolism experiments for SCR larvae at 
LDjg doses were not conducted. 
Penetration study 
Insecticide penetration is usually determined by applying radioactive 
chemicals to the cuticle, and rinsing the treated insects with a solvent 
(acetone) at predetermined intervals to determine the amount of chemical 
remaining on the outside (O'Brien, 1967). Because acetone can remove the 
epicuticular wax, what is actually measured is insecticide loss from the 
wax layer into underlying cuticular strata (Brooks, 1976). In addition to 
external rinse data (see "distribution of radioactivity" section), sets of 
treated insects were rinsed at shorter time intervals to measure the pene­
tration rate. SCR adults and larvae treated with isofenphos were rinsed 
at 0, 5, 10, 20, and 30 min posttreatment; SCR treated with bendiocarb 
were rinsed at 0, 2, and 10 min after treatment. Penetration curves were 
obtained by plotting the logarithm of percent recovery of unpenetrated in­
secticides versus time. Results of isofenphos penetration into SCR adults 
and larvae are shown in Table 9 and Figure 10. Results of bendiocarb pene­
tration are shown in Table 10 and Figure 11. The penetration curve was 
biphasic for adults and triphasic for larvae (Figures 10 and 11). Each 
57 
Table 9. Recovered in external rinses after topical application of 
i^C-isofenphos to southern corn rootworms* 
Mean ± SE (%)^ 
Time (min) Adult Larva 
0 98.5 ± 2.8 91.3 ± 0.3 
5 82.8 ± 6.7 49.3 ± 2.4 
10 76.4 ± 2.3 38.2 ± 3.1 
20 59.7 ± 6.3 27.4 ± 1.7 
; 30 46.5 ± 0.8 17.9 ± 1.1 
60 16.6 ± 2.5 6.9 ± 0.1 
120 11.3 ± 0.6 2.3 ± 0.03 
240 7.8 ± 0.7 1.3 ± 0.4 
480 4.5 ± 0.2 0.4 ± 0.1 
1440 1.1 ± 0.04 0.2 + 0.04 
*SCR were treated at LD,Q dosage levels (1.77 yg/g for adult, 2.08 
vg/g for larva). 
^Data represent an average of at least two replicates. 
Table 10. ^**0 Recovered in external rinses after topical application of 
i^C-bendiocarb to southern corn rootworms® 
Mean ± SE 
Time (min) Adult Larva 
0 97.4 ± 1.9 98.9 ± 3.3 
2 76.3 ± 1.5 45.1 ± 0.7 
5 53.2 ± 4.3 32.8 ± 1.1 
10 37.1 ± 2.5 22.3 ± 2.2 
30 18.8 ± 1.2 16.1 ± 218 
60 10.6 ± 1.2 11.6 ± 1.1 
120 8.8 ± 0.4 4.7 ± 0.9 
240 6.0 ± 0.7 2.7 + 0.4 
®SCR were treated at 1/10 LDr. dosage levels (0.13 yg/g for adult, 
0.91 ug/g for larva). 
Data represent an average of at least three replicates. 
Figure 10. Penetration of '•'^C-isofenphos into southern corn rootworms 
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Figure 11. Penetration of ^''C-bendiocarb into southern corn rootworms 
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curve exhibited a rapid initial penetration rate (phase 1), followed by 
slow, steady-state rates of decline (phase 2 and phase 3). In isofenphos 
treated SCR, phase 1 occurred from 0 to 120 min after treatment, phase 2 
from 120 to 1440 min for adults, and 120 to 480 min for larvae, phase 3 
from 480 to 1440 min posttreatment for larvae (Figure 10). In bendiocarb 
treated SCR, phase 1 occurred from 0 to 10 min for larvae and 0 to 60 min 
for adults, respectively, phase 2 occurred from 60 to 240 min for adults, 
and 10 to 120 min for larvae, phase 3 for larvae was 120 to 240 min after 
treatment (Figure 11). Phase 1 refers to the rapid transfer of insecticide 
from outside the insect integument to the inner layer of the integument. 
When insecticides accumulate in the cells of the inner layer, the concen­
tration gradient across the cuticle diminishes and penetration rate de­
clines (Lewis, 1965). The subsequent steady rate of penetration (phase 2) 
corresponds to insecticide removal from application regions to other cells, 
and the hemolymph (Lewis, 1965). In the second phase, the kinetics of pene 
tration follows first-order form. By definition, in first order penetra­
tion, the rate of insecticide diffusing into the body depends on the unpene 
trated insecticide concentration. The plot of the logarithm of the amount 
unpenetrated versus time was linear (Figures 10 and 11). If insecticide 
metabolism is occurring, the second phase corresponds to an approach to a 
steady state where the rate of metabolism balances the penetration rate. 
The form of the penetration curve will depend on the metabolic rate, which 
influences the removal rate of insecticide from ths inner layer of the cuticli 
(Brooks, 1976). Therefore, the slope of phase 2 is an indication of the rate 
of metabolism for an insecticide (Brooks, 1976). The penetration rate was 
slowest in phase 3. The slow penetration rate is attributable to exhaustion 
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of the surface dosage. Approximately 0.2% of the applied dose was recov­
ered in the external rinses in isofen^hos^treated larvae 24 h posttreatment 
(Table 9); nearly 2.7% of the applied dose was recovered in bendiocarb 
treated larvae 4 h after treatment (Table 10). Penetration curves with 
similar forms were obtained in house flies treated with methyl parathion 
and Sumithion (Hollingworth et al., 1957), and mustard beetles treated with 
pyrethroids (Elliott et al., 1970). 
Isofenphos and bendiocarb penetrated faster in SCR larvae than in 
adults (Figures 10 and 11). According to Ebeling (1974), penetration rate 
is measured during the second phase of the penetration curve. Rate con­
stants of penetration (kp) were expressed by the slope of the straight line 
during the second phase. The of isofenphos were approximately 2.9 times 
larger for larvae (kp = 0.0049 min~^) than for adults (kp = 0.0017 min"^). 
For bendiocarb, rate constants were nearly 4.2 times larger for larvae 
(kp = 0.0140 min"^) than for adults (kp = 0.0033 min"^). Morphological 
differences between the rigid, sclerotized adult cuticle and the moist, 
soft larval cuticle may affect cuticular permeability, which partly deter­
mines penetration rate (Lewis, 1965). Other factors (e.g., protein and 
lipid content of the cuticle) also influence insecticidal penetration rate. 
Vinson and Law (1971) found that larvae of resistant tobacco budworms con­
tained higher amounts of cuticular lipids and proteins and showed a slower 
penetration rate of DDT than a susceptible strain did. However, literature 
concerning cuticular lipid and protein content between SCR adults and lar­
vae is unavailable. 
Elliott et al. (1970) studied the penetration rates of a series of 
substituted benzyl chrysanthemates in mustard beetles. They found that 
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a steep slope for the penetration curve tends to correspond with low 
toxicity in mustard beetles, because penetration rates in phase 2 are gov­
erned by detoxication rates. However, penetration rates alone do not deter­
mine toxicity. Penetration rates act in concert with rate of insecticide 
metabolism, excretion rates, and insecticidal inhibition on AChE to influence 
the overall dynamics and potency of the toxicant (Hollingworth, 1976). 
Metabolite separation and identification 
After topical treatment with LD^g dosage (1.77 yg/g for adults and 
2.08 yg/g for larvae) of ^^C-isofenphos, metabolism in SCR adults and lar­
vae was examined at 1, 2, 4, 8, and 24 h. Internal organic extract and con­
tainer rinse were analyzed by TLC and autoradiography. The identity of 
each metabolite was verified by comparing the value of the spots on an 
autoradiogram with those of the authentic nonradioactive standards. Auto-
radiograms depicting the separation of isofenphos and its metabolites are 
shown in Figure 12. The major isofenphos metabolic pathway was extrapo­
lated from the nature and amounts of metabolites in the internal organic 
extract and container rinse fractions because the sum of radioactivity from 
these fractions represented at least 50% of the applied dose. Additional­
ly, radioactive recovery in the internal organic extract and container 
rinse varied greatly over time (Table 6). External rinse, internal aque­
ous extract, and unextractable residues were not analyzed because of the 
consistent and/or low radioactivity levels recovered in these fractions. 
Isofenphos metabolite recoveries in SCR adults and larvae are pre­
sented in Tables 11 and 12. Metabolites detected from SCR adults and lar­
vae were identical in nature, but differed in quantity. In addition, 
Figure 12. Autoradiogram of isofenphos and its metabolites separated 
by two dimensional thin-layer chromatography. Samples were 
from internal organic extracts of southern corn rootworm 
adults 2 h after treatment. 
A. Isopropyl salicylate 
B. Isofenphos 
C. Des-N-isopropyl isofenphos 
D. Unknown 1 
E. Isofenphos oxon 
F. Des-N-isopropyl isofenphos oxon 
G. Unknown 2 
H. Origin 
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Table 11. Nature and amounts of metabolites in internal organic extract 
and container rinse from southern corn rootworm adults treated 
with 1.77 yg/g of ^"C-isofenphos® 
, % applied dose recovered after 
Metabolites Fraction indicated treatment time (h) 
1 2 4 . 8 24 
Isofenphos I 54.7 43.6 25.1 13.8 1.5 
C 3.0 2.3 3.3 2.1 0.8 
T 57.7 45.9 28.4 15.9 2.3 
Isofenphos oxon I 8.5 8.0 6.3 3.3 0.8 
C 0.2 0.4 1.0 1.1 1.5 
T 8.7 8.4 7.3 4.4 2.3 
Isopropyl salicylate I 3.0 5.9 8.5 7.7 0.5 
C .0 .0 0.2 0.9 0.6 
T 3.0 5.9 8.7 8.6 1.1 
Des-N-isopropyl isofenphos I 1.0 1.2 2.0 1.3 0.3 
C .0 .0 0.2 0.4 0.7 
T 1.0 1.2 2.2 1.7 1.0 
Des-N-isopropyl isofenphos oxon I 0.4 1.2 0.9 0.7 0.4 
C .0 .0 0.3 0.7 1.3 
T 0.4 1.2 1.2 1.4 1.7 
Unknown 1 I 0.9 1.7 2.4 7.3 3.0 
C 0.1 0.2 0.7 2.0 1.9 
T 1.0 1.9 3.1 9.3 4.9 
Unknown 2 I 0.4 0.7 1.3 1.3 0.6 
C .0 0.1 0.3 0.7 1.8 
T 0.4 0,8 1.6 2.0 2.4 
Origin I 1.1 1.8 4.6 7.6 7.5 
C 0.1 0.3 2.8 7.6 23.3 
T 1.2 2.1 7.4 15.2 30.8 
Total metabolites I 15.3 20.5 26.0 29.2 13.1 
C 0.4 1.0 5.5 13.4 31.1 
T 15.7 21.5 31.5 42.6 44.2 
^Data represent means of two replicates. 
= internal organic extract, C = container rinse, T = total amounts 
from internal organic extract and container rinse. 
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Table 12. Nature and amounts of metabolites in internal organic extract 
and container rinse from southern corn rootworm larvae treated 
with 2.08 ug/g of ^"^C-isofenphos® 
. % applied dose recovered after 
Metabolites Fraction indicated treatment time (h) 
1 2 4 8 24 
Isofenphos I 41.7 31.8 23.4 12.8 5.1 
C 8.6 11.1 13.5 21.0 23.0 
T 50.3 42.9 36.9 33.8 28.1 
Isofenphos oxon I 8.6 6.3 3.9 1.9 0.6 
C 0.2 0.4 1.0 3.2 3.7 
T 8.8 6.7 4.9 5.1 4.3 
Isopropyl salicylate I 2.4 1.3 0.7 0.7 0.2 
C .0 0.8 0.2 0.4 1.9 
T 2.4 2.1 0.9 1.1 2.1 
Des-N-isopropyl isofenphos I 1.0 0.7 0.7 0.4 0.1 
C .0 .0 0.3 0.5 1.1 
T 1.0 0.7 1.0 0.9 1.2 
Des-N-isopropyl isofenphos oxon I 0.2 0.1 0.2 0.1 .0 
C .0 0.2 0.4 1.0 1.3 
T 0.2 0.3 0.6 1.1 1.3 
Unknown 1 I 1.0 0.8 1.2 0.7 0.4 
C 0.1 0.2 0.8 1.5 2.1 
T 1.1 1.0 2.0 2.2 2.5 
Unknown 2 I 2.0 2.4 3.5 1.8 0.8 
C 0.1 0.3 1.7 2.1 7.3 
T 2.1 2.7 5.2 3.9 8.1 
Origin I 1.4 1.7 3.0 2.3 1.8 
C 0.1 0.3 1.2 3.0 2.5 
T 1.5 2.0 4.2 5.3 4.3 
Total metabolites I 16.6 13.3 13.2 7.9 3.9 
C 0.5 2.2 .5 .6  11.7 19.9 
T 17.1 15.5 18.8 19.6 23.8 
®Data represent means of two replicates. 
= internal organic extract, C = container rinse, T = total amounts 
from internal organic extract and container rinse. 
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metabolites detected from the internal organic extract and container rinse 
were similar qualitatively. Isofenphos metabolites detected in SCR adults 
and larvae included: isofenphos oxon, des-N-isopropyl isofenphos, des-N-
isopropyl isofenphos oxon, and isopropyl salicylate. Additional similari­
ties were noted in the formation of two unknown materials and polar metabo­
lites at the chromatogram origin. Data in Tables 11 and 12 represent aver­
ages of two replicates and are expressed as percentages of the applied 
dose. Results were obtained by multiplying the percentage of each compound 
(based on total radioactivity from internal organic extract or container 
rinse. Appendix B, Tables 18 to 21) with the percentage of corresponding 
in te rna l  o rgan ic  ex t rac t  o r  con ta ine r  r i nse  (Tab le  6 ) .  
Unaltered isofenphos was the dominant radioactive product in SCR 
adults and larvae (Tables 11 and 12). Isofenphos disappearance rate varied 
between adults and larvae. Approximately 28% of the dose applied to lar­
vae remained as isofenphos 24 h after treatment (Table 12). In the com­
panion study, isofenphos degraded faster in SCR adults. Only 2.3% of the 
applied dose remained unaltered at 24 h posttreatment (Table 11). Al­
though 12 times more isofenphos was found in larvae than in adults, most 
of the compound (approximately 1/4 of the applied isofenphos) was excreted 
by SCR larvae within 24 h (Table 12, Figure 13); but, at most, 3.3% of ap­
plied dose was excreted as unaltered isofenphos by adults. The primary 
compounds excreted by adults were highly polar materials that remained at 
the base lines of chromatograms. These highly polar materials, including 
conjugates, represented 23.3% of the applied dose after 24 h (Table 11, 
Figure 13). A different major component in the container rinse suggests 
Figure 13. Recovery of isofenphos and metabolites at origin in internal 
organic extract (o) and container rinse .{•) from southern 
corn rootworm adults (solid lines) and third-instar larvae 
. (broken lines) 
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distinct detoxication mechanisms between SCR adults and larvae. Adults 
detoxified isofenphos through conjugating the metabolites and excreting 
the conjugates. Larvae, however, detoxified isofenphos by rapidly excret­
ing the toxic parent compound. 
Kulkarni and Hodgson (1980) generalized that qualitative difference 
in metabolites implied the presence of different enzymes, whereas quanti­
tative differences implied variation in the biotransformation rate along a 
common metabolic pathway. Identical metabolites of isofenphos between SCR 
adults and larvae (Tables 11 and 12) suggests similar metabolic routes. 
Nature of metabolites indicates that metabolic pathways include oxida­
tive desulfuration, oxidative dealkylation, hydrolysis, and conjugation. 
Proposed metabolic pathways were inferred from metabolite recovery in SCR 
adults because less parent isofenphos was excreted by adults, leaving a 
larger supply of internal parent isofenphos for metabolic reaction. 
Furthermore, distinct changes in isopropyl salicylate and metabolites at 
the chromatogram origin in adults allowed easier discernment of the direc­
tion of the metabolic pathway. 
Isofenphos was oxidized primarily to isofenphos oxon because this com­
pound was the major metabolite during the initial 2 h. Combined amounts of 
isofenphos oxon from the internal organic extract and container rinse ex­
ceeded 8% of the applied dose (Table 11). Failure of isofenphos oxon to 
accumulate during the experimental period suggests that it was metabolized 
to other products at a faster rate than it was formed. In SCR adults, 
gradual increase of isopropyl salicylate from 3.0% of the applied dose at 
1 h to 8.7% of the applied dose at 4 h coincided with the slight decline 
of internal isofenphos oxon (8.5% of the applied dose at 1 h to 6.3% of the 
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applied dose at 4 h). Additionally, the structure of isopropyl salicylate 
implies, at least in part, that it was formed by hydrolysis of isofenphos 
oxon through hydrolytic or oxidative cleavage of the aryl phosphate bond. 
Isopropyl salicylate was also possibly produced from direct hydrolysis of 
parent isofenphos. This hypothesis was impossible to prove because the 
reaction rates of isofenphos to isofenphos oxon and isofenphos oxon to 
isopropyl salicylate were unknown. 
Metabolites remaining at the origin of the TLC plate increased slight­
ly between 1 and 2 h after treatment. However, during the later study 
period, its amount markedly increased from 7.4% of the applied dose at 4 h 
to 30.8% of the applied dose at 24 h (Table 11). The identities of these 
polar metabolites were not examined in the present study. Previous insec­
ticide metabolism literature (Bull et al., 1967; Metcalf et al., 1968; 
Kao and Fukuto, 1977), however, reported that these metabolites are com­
prised of conjugate mixtures. Isopropyl salicylate contains the hydroxyl 
group as a functional group for conjugation reaction. Additionally, the 
rapid disappearance of internal isopropyl salicylate (from 7.7% of the ap­
plied dose at 8 h to 0.5% of the applied dose at 24 h) coincided with the 
marked increase of conjugates at 24 h. These results suggest that conju­
gates were formed primarily by combining isopropyl salicylate with endoge­
nous substrates (e.g., glucose, phosphate ion, sulfate ion) in the insect 
body. Des-N-isopropyl isofenphos and des-N-isopropyl isofenphos oxon, con­
taining a reactive amino group in the molecule, probably contributed in 
part to conjugate formation. 
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Des-W-isopropyl isofenphos and des-N-isopropyl isofenphos oxon never 
reached 2.5% of the applied dose. This implies that oxidative dealkyla-
tion is only a minor metabolic mechanism. It is unclear whether the des-N 
isopropyl isofenphos oxon came from isofenphos oxon or des-N-isopropyl 
isofenphos. Besides identifiable metabolites, two unidentified metabo­
lites appeared in the internal organic extract and container rinse. Un­
known 1 peaked (9.3% of the applied dose) 8 h after treatment, while un­
known 2 was insignificant throughout the entire experiment. It is diffi­
cult assessing the role of unknown metabolites in the metabolic pathway of 
isofenphos because they were unidentified. Based on their chromatographic 
properties, unknown 1 was slightly less polar than isofenphos oxon. Un­
known 1 had an of 0.13 in hexane-ethyl acetate solvent system and of 
0.64 in acetone-hexane solvent system. Unknown 2 had an of 0.04 in 
hexane-ethyl acetate solvent system and of 0.13 in acetone-hexane solvent 
system, and was more polar than des-N-isopropyl isofenphos oxon (Table 1). 
In summation, the proposed major metabolic pathway of isofenphos in 
SCR adults involved three metabolic reactions. These reactions include: 
oxidative desulfuration of parent isofenphos to isofenphos oxon, hydrolysis 
of isofenphos oxon and/or parent isofenphos to isopropyl salicylate, and 
conjugation of isopropyl salicylate. 
The overall scheme of isofenphos metabolism in SCR adults and larvae 
was similar. SCR larvae, however, differed from adults in lower recoveries 
of isopropyl salicylate and ^"*0 at the chromatogram origin, and greater 
amounts of unknown 2 (Table 12). Lower accumulation of isopropyl salicy­
late in larvae may be attributable to a slower isopropyl salicylate formation 
rate which was affected by the total internal concentration of reactants 
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(isofenphos and/or isofenphos oxon) and the small amount and/or low activ­
ity of hydrolytic or oxidative enzymes. Because SCR larvae excreted more 
parent isofenphos than adults, the isofenphos reservoir for metabolism was 
lower. The combined isofenphos and isofenphos oxon recovery from the inter­
nal organic extract and container rinse was 50.3% of the applied dose at 1 
h and 38.1% of the applied dose at 2 h in larvae. The amounts in SCR adults 
were 63.2% and 51.6% of the applied dose, respectively, for the same time 
periods. The amount and activity of hydrolytic or oxidative enzymes in SCR 
adults and larvae were not estimated in the present study. Extensive 
studies on hepatic mixed-function oxidases in nonprimate mammals, how­
ever, indicate that the amount and activity of these enzymes increase 
with age (Dauterman, 1980). Few authors report the relationship between 
insect age and metabolic enzymes. Carbaryl-metabolizing enzyme activity 
was lower in young cabbage looper, trichoplusia ni (Hiibner), larvae than in 
older stadia (Kuhr, 1971). The amounts of reduced glutathione and gluta­
thione S-transferase activity also increased with time during house fly de­
velopment (Dauterman, 1980). 
Much of the literature dealing with pesticide metabolism clearly 
demonstrates that rate of insecticide metabolism is an important factor af­
fecting insecticidal toxicity (Kuhr, 1970; Hollingworth, 1976). The more 
rapidly a compound is detoxified and eliminated from the body, the less 
toxic it will be. Sun (1968) defined the percentage of toxicant metabo­
lized as the difference between the percentage of material penetrated and 
percentage of original toxicant found in the treated insects, assuming 
that the amount of excretion is negligible during the first few hours. In 
SCR adults, the overall metabolite formation rate was estimated by the 
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disappearance rate of internal parent isofenphos because the amount of 
penetrated dose was consistent (ranged from 80 to 83% of applied dose. 
Figure 4) between 1 and 8 h after treatment. Furthermore, the amount of 
excreted isofenphos was minimal (0.8 to 3.3% of applied dose. Table 11). 
The log percent of isofenphos in the internal organic extract plotted over 
time, using simple linear regression, gave a reasonably well-fitted line 
with a coefficient of determination (R^) that equals 0.98 (Figure 14). The 
straight line means overall isofenphos metabolism followed first order proc­
esses, i.e., rate of metabolism depends on the concentration of internal 
parent material and the slope provides a rate constant (Price and Dwek, 
1974). Thus, the isofenphos metabolism rate constant (k^) in SCR adults 
was 0.0033 min"\ SCR larvae, unlike adults, excreted substantial amounts 
of isofenphos over time (Table 12). The decline in the quantity of internal 
parent compound resulted from the amounts being metabolized and excreted. 
Parent compounds available for metabolism were adjusted using the following 
formula: 
Mt = It - (Ct+n-Ct)' 
where 
= amount of parent compound available for metabolism at time t; 
= amount of internal parent compound at time t; 
^t+n ~ amount of parent compound in container rinse at the next 
time period; 
C^ = amount of parent compound in container rinse at time t. 
Therefore, internal isofenphos amounts for metabolism in SCR larvae 
were 39.2, 29.4, 15.9, 10.8, and 5.1% of the applied dose at 1, 2, 4, 8, 
Figure 14. Rate of metabolism of isofenphos in southern corn rootworms 
after topical application (percentage of recovered isofen­
phos in internal organic extract) 
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and 24 h posttreatment, respectively. Because the penetrated dose in lar­
vae became consistent (ranged from 69.4 to 73.6% of the applied dose. Fig­
ure 4) between 2 and 24 h posttreatment, metabolic rate was estimated with­
in these periods. Plotting the log percent of adjusted internal isofenphos 
values over time resulted in a two-phase curve (Figure 14). Metabolism 
was faster in phase 1 (1 to 4 h after treatment) and slower in phase 2 (4 
to 24 h posttreatment). Plotting the log percent of unadjusted internal 
isofenphos over time, however, resulted in a straight line (R^=0.95), indi­
cating that, if the total amount of internal isofenphos were used for me­
tabolism, metabolism of isofenphos follows first-order form. The deviation 
from first-order kinetics may be attributable to a shunt of isofenphos by 
excretion. Rate of metabolism of isofenphos was measured at phase 1 be­
cause of the consistent amount of isofenphos excretion (2.4-2.5% of ap­
plied dose) during this period. The of isofenphos in SCR larvae was 
0.0050 min"^, approximately 1.5 times greater than adult k^ values. Faster 
rate of metabolism may be a factor contributing to lower isofenphos toxici­
ty in SCR larvae. In one other study comparing metabolism in larval and 
adult insects, Andrawes and Dorough (1967) found that carbaryl was degraded 
faster in bollworm adults {Heliothis zea (Boddie)), than in 5th-instar boll-
worms . 
Insecticide toxicity depends upon penetration rate, rate of metabolism, 
and excretion rate of the insecticide as well as AChE sensitivity to insec­
ticide inhibition (Kuhr, 1970; Tripathi and O'Brien, 1973). The first 
three factors determine the amount and duration of insecticidal compounds 
within the body (Kulkarni and Hodgson, 1980).. Table .13 shows the absolute 
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Table 13. Amounts (pg/g) of internal toxic dose^ recovered in southern 
corn rootworms after topical application of LD.. dosage of 
i*C-isofenphos 
Dose applied 
(pg/g) 1 2 4 8 24 
Adult 1.77 1.14 0.95 0.61 0.34 0.05 
Larva 2.08 1.07 0.81 0.59 0.32 0.12 
Adult/larva ratio 0.85 1.07 1.17 1.03 1.06 0.42 
®Total amounts of isofenphos, isofenphos oxon, des-N-isopropyl isofen-
phos, and des-N-isopropyl isofenphos oxon from internal organic extract. 
amounts of toxic compounds (isofenphos, isofenphos oxon, des-N-isopropyl 
isofenphos, and des-N-isopropyl isofenphos oxon) accumulated in SCR adults 
and larvae. During the first 8 h, the adult/larva ratio of internal toxic 
dose (mean of 1.08 for 1, 2, 4, 8 h) was slightly greater than the adult/ 
larva ratio of the applied doses (0.85). These results imply that SCR 
adults accumulated a little higher amounts of toxic compounds than larvae. 
However, the small difference between these two ratios suggests that the 
amount of the internal toxic dose may not be a determining factor in selec­
tive isofenphos toxicity between SCR adults and larvae. The major factors 
affecting the quantities of internal toxic compounds in SCR may be attrib­
utable to excretion rates and the nature of the compounds discharged. Al­
though isofenphos penetrated approximately three times faster into larvae 
than into adults, 1.5 times greater rate of metabolism and the rapid iso­
fenphos elimination resulted in less accumulation of toxic compounds inside 
the larvae. Lower amounts of internal toxic compounds in larvae may con­
tribute to the lower isofenphos toxicity in SCR larvae. 
81 
Isofenphos inhibition of AChE was not studied in the present experi­
ment. Solheim (1982) compared the Michael is constant (K^^) and maximum 
velocity for hydrolysis of acetylthiocholine (ASCh) using AChE 
(whole insect homogenate) from western corn rootworm adults and larvae. 
She found that WCR larvae have a 2.5 times greater than that of 
adults and have a similar for ASCh between adults and larvae. How­
ever, AChE sensitivity to insecticides in SCR adults and larvae are un­
available; therefore, it is impossible to speculate on the importance 
of this toxicity factor in SCR adults and larvae. 
The procedures used to study bendiocarb metabolism in SCR adults and 
larvae were similar to procedures used in studying isofenphos metabolism. 
Several modifications included: 
1) Lower dosage levels: larvae were treated at 1/10 LD^g dosage (0.91 
yg/g). and adults were treated at two dosage levels: 1/10 LD^Q 
(0.13 yg/g) and LD^Q (0.80 yg/g); 
2) Shorter examination time: bendiocarb-treated SCR were analyzed 
at 0.083, 0.5, 1, 2, and 4 h after treatment; and 
3) TLC plates for metabolite quantification were analyzed by LSC, 
bypassing autoradiography. 
Samples were separated by TLC, the spots corresponding to authentic stan­
dards were measured immediately by LSC because one of the bendlocarb metabo-
lites (bendiocarb phenol) is highly volatile (Fisons Corporation, 1979). 
Autoradiography was run on a separate TLC plate and was used to confirm 
the identity of metabolites. 
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The degradation products of bendiocarb in the internal organic ex­
tract and the container rinse are shown in Tables 14 and 15. Bendiocarb 
metabolites were qualitatively similar but quantitatively different between 
adults and larvae. Identifiable products were bendiocarb and bendiocarb 
phenol. Two other radioactive spots were unknown, and polar metabolites 
remained at the origin of the chromatogram. An autoradiogram depicting 
bendiocarb and its metabolites is shown in Figure 15. The amount of each 
compound is expressed as a percentage of the applied dose. The quantities 
were calculated by multiplying the percent of each compound (based on to­
tal radioactivity from the internal organic extract or container rinse. 
Appendix B, Tables 22 to 25) by the percentage of corresponding distribu­
tion fraction (internal organic extract or container rinse. Table 7). 
Major metabolites from the internal organic extract differed between 
SCR adults and larvae (Tables 14 and 15, Figure 16). Bendiocarb phenol 
was the prominent metabolite in SCR adults, while polar metabolites at the 
chromatogram origin (presumably conjugated compounds) were the dominant 
metabolites in SCR larvae. One to 4 h after treatment, more than 36% of 
bendiocarb applied to SCR adults was recovered as bendiocarb phenol (Table 
14). Internal bendiocarb phenol accumulated fast in the first 30 min, 
going from 4.6% of appl ied dose at 5 min to 24.5% of applied dose at 30 min 
(Table 14, Figure 16). Rapid bendiocarb phenol formation suggests that 
bendiocarb was transformed primarily to this compound. In SCR larvae, 
however, bendiocarb phenol was less than 20% of applied dose during the 4 
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Table 14. Nature and amounts of metabolites in internal organic extract 
and container rinse from southern com rootworm adults treated 
with 0.13 ug/g (1/10 LDgg) of ^^C-bendiocarb 
% applied dose recovered after 
Metabolite Fraction indicated treatment time (h) 
0.083 0.5 1 2 4 
Bendiocarb 40.6 35.5 25.3 17.8 11.2 
3.1 9.6 11.7 9.8 17.4 
T 43.7 45.1 37.0 27.6 28.6 
Bendiocarb phenol I 4.6 24.5 35.9 37.1 34.8 
C 1.2 0.1 0.4 2.1 2.6 
T 5.8 24.6 36.3 39.2 37.4 
Unknown I 0.5 0.8 1.4 1.0 1.5 
C 0.2 .0 0.2 0.1 .0 
T 0.7 0.8 1.6 1.1 1.5 
Origin I 2.4 4,0 5.1 4.7 4.8 
C 0.2 0.3 0.3 0.4 0.6 
T 2.6 4.3 5.4 5.1 5.4 
Total metabolites I 7.5 29.3 42.4 42.8 41.1 
C 1.6 0.4 0.9 2.6 3.2 
T 9.1 29.7 43.3 45.4 44.3 
= internal organic extract, C = container rinse, T = total amounts 
from internal organic extract and container rinse. 
^Data represent means of three replicates. 
''Data represent one treatment except 2 h-posttreatment data which 
represent means of two replicates. 
Taole 15. Nature and amounts of metabolites in internal organic extract 
and container rinse from southern corn rootworm larvae treated 
with 0.91 ug/g of ^'•C-bendiocarb 
% applied dose recovered after 
Metabolite Fraction indicated treatment time (h) 
0.083 0.5 1 2 4 
Bendiocarb =c 39.9 35.8 33.3 19.1 8.7 
10.1 10.4 6.9 6.1 9.1 
T 50.0 47.2 40.2 25.2 17.8 
Bendiocarb phenol I 5.9 8.2 7.4 15.2 4.6 
C 0.1 1.8 2.2 2.9 0.9 
T 6.0 10.0 9.6 18.1 5.5 
Unknown I 1.1 1.3 1.5 2.3 0.7 
C .0 1.0 1.3 1.7 1.2 
T 1.1 2.3 2.8 4.0 1.9 
Origin I 3.5 9.1 18.4 27.6 35.1 
C .0 1.2 2.3 3.2 2.7 
T 3.5 10.3 20.7 30.8 37.8 
Total metabolites I 10.5 18.6 27.3 45.1 40.4 
C 0.1 4.0 5.8 7.8 4.8 
T 10.6 22.6 33.1 52.0 45.2 
= internal organic extract, C = container rinse, T = total amounts 
from internal organic extract and container rinse. 
^Data represent means of two replicates. 
^Data represent one treatment except 2 h-posttreatment data which 
represent means of two replicates. 
Figure 15. Autoradiogram of bendiocarb and its metabolites separated 
by thin-layer chromatography in toluene-ethyl acetate (4:1). 
Samples were from internal organic extracts of southern 
corn rootworm adults 2 h after treatment 
A. Bendiocarb phenol 
B. Bendiocarb 
C. Unknown 
D. Origin 
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Figure 16. Recovery of bendiocarb, bendiocarb phenol, and metabolites 
at origin in internal organic extract (o) and container 
rinse (•) from southern corn rootworm adults (solid lines) 
and third-instar larvae (broken lines) 
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h experimental period. The major metabolites for SCR larvae were polar 
metabolites at the chromatogram origin. The amounts increased from 3.5% 
of the applied dose at 5 min to 37.8% of the applied dose at 4 h (Table 
15, Figure 16). Using TLC in n-butanol-acetone-ammonium hydroxide-water 
(30:10:10:4), components of the chromatogram origin were further separated. 
Two major radioactive spots were isolated from the chromatogram origin. 
The values and the ratio of these two isolated components (1:4) were 
similar between SCR adults and larvae. The results indicate that two con­
jugated compounds may be formed. In addition, qualitatively similar conju­
gated compounds imply the same mechanism of conjugation reaction in SCR 
adults and larvae. Conjugation was studied by acid hydrolysis of the con­
jugated compounds. The 4 h-chromatogram origin obtained from SCR larvae 
was dissolved with ethyl acetate and hydrolyzed by stirring with equal 
volume of 1 M hydrochloric acid at room temperature for 1 and 2.5 h. The 
acid hydrolyzed products were identified by comparison and co-chromatog-
raphy with the authentic standards. Conjugated compounds were unhydrolyzed 
during 1 h because all the radioactivity was recovered from the chromato­
gram origin. Two and one-half h after acid hydrolysis, some radioactivity 
was found at the spot corresponding to bendiocarb phenol. These results 
suggest that the chromatogram origin included conjugates of bendiocarb 
phenol. Additional support for this hypothesis was the marked disappear­
ance of bendiocarb phenol which corresponded to the rapid increase of the 
chromatogram origin between 2 and 4 h after treatment in SCR larvae 
(Table 15). Because enzymatic hydrolysis of conjugated compounds was not 
conducted in the present experiment, endogenous substances used for 
90 
conjugation reactions were unidentified. Metabolism of bendiocarb in the 
rat and in man, however, indicated that major conjugated materials were 
sulfate and glucuronide conjugates of bendiocarb phenol (Challis and Ad-
cock, 1981). These authors also found small amounts of conjugates of 2,2-
dimethylbenzo-l,3-dioxol-4-yl JV-(hydroxymethyl) carbamate at early metabol­
ic stages in the rat and man. In addition, small amounts of several minor 
metabolites, thought to be ring-hydroxylated derivatives of bendiocarb and 
bendiocarb phenol were formed in the rat (Challis and Adcock, 1981). In 
summation, the suggested major metabolic pathway of bendiocarb in SCR 
adults and larvae was hydrolysis of the carbamate ester bond to yield ben­
diocarb phenol and the subsequent conjugation of bendiocarb phenol. 
Although smaller amounts of internal bendiocarb were detected in SCR 
adults 1 to 2 h after treatment, the overall rate of decline of bendiocarb 
was similar between SCR adults and larvae (Figure 16). Amounts of internal 
bendiocarb recovered at 5 min and 4 h posttreatment were 40.6% and 11.2% 
of the applied dose for adults, 39.9% and 8.7% of the applied dose for lar­
vae (Tables 14 and 15). Although SCR adults and larvae exhibit similar de­
creases in internal bendiocarb and a common major metabolic pathway, dif­
ferent major metabolites suggest that SCR adults, when compared with lar­
vae, detoxify bendiocarb using a similar mechanism but differed in having 
slow conjugation reactions. In SCR adults, during the first hour most of 
the bendiocarb was rapidly hydrolyzed into noninsecticidal bendiocarb 
phenol. After 1 h, the amount of bendiocarb phenol remained consistent 
throughout the 4 h experimental time. Little variation of bendiocarb phenol 
1 h after treatment and low recovery of ^"^C label at the chromatogram origin 
indicate that the conjugation reaction occurred only quite slowly in SCR 
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adults. In SCR larvae, however, the conjugation reaction followed the hy­
drolysis reaction immediately. A prominent increase of conjugated com­
pounds at the chromatogram origin with time and slow accumulation of ben-
diocarb phenol during the first two hours imply that bendiocarb phenol was 
metabolized rapidly into conjugated compounds. In addition, the apparent 
decrease of bendiocarb phenol at 4 h posttreatment may have resulted from 
smaller reserves of internal bendiocarb and subsequent conjugation of ben­
diocarb phenol. 
Excretion of parent bendiocarb was another detoxication mechanism 
utilized by SCR adults, while excretion of bendiocarb by SCR larvae was 
difficult to evaluate. Bendiocarb in the container rinse for SCR adults 
increased with time, suggesting that bendiocarb was excreted (Table 14). 
The amount excreted represented 17.4% of the applied dose 4 h after treat­
ment. In SCR larvae, less bendiocarb was recovered in container rinse 1 
to 4 h after treatment than in the first half hour posttreatment (Table 
15). Presumably, the bendiocarb in the container rinse was rub-off from 
larval contact with the holding jars. In summation, SCR adults detoxified 
bendiocarb primarily by hydrolyzing it rapidly into nontoxic bendiocarb 
phenol and secondarily by excreting the toxic parent compound. SCR larvae, 
however, detoxified bendiocarb by forming conjugated compounds. 
Insecticide quantity and the duration of toxic doses in the body and 
their ability to inhibit AChE are major factors behind selective toxicity 
(Kuhr, 1970; Tripathi and O'Brien, 1973). Because parent bendiocarb was 
the only compound toxic to SCR adults and larvae in toxicity tests, amounts 
of the internal toxic dose were estimated solely on bendiocarb recovery 
from internal organic extracts. Table 16 shows that the adult/larva ratio 
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of internal bendiocarb (mean of 0.14 for 0.083, 0.5, 1, 2, 4 h) was simi­
lar to the adult/larva ratio of the applied dose (0.14). These results 
suggest that the amount of internal toxic dose was not a determining 
factor in differential bendiocarb toxicities between SCR adults and larvae. 
Comparable ratios for internal bendiocarb and applied doses may be attrib­
uted to similar combined effects of several governing factors on the in­
ternal dose. In SCR larvae, some bendiocarb was lost by rub-off. This 
probably reduced the amount of bendiocarb available for penetration into 
the larvae. Fast penetration and no excretion of bendiocarb in larvae, 
however, resulted in considerable accumulation of bendiocarb inside the 
larvae. In SCR adults, bendiocarb loss from rub-off was negligible. Joint 
rates of penetration, metabolism, and excretion determined the amount of 
bendiocarb in adults. Because of the similar amounts of internal bendiocarb 
in SCR adults and larvae, the quantity of the internal toxic dose probably 
does not account for the seven-fold difference in toxicity between adults 
and larvae (Table 4). Differences in AChE sensitivity to bendiocarb may be 
a major factor in determining bendiocarb effects on SCR adults and larvae, 
but further studies would be necessary to confirm this possibility. 
Table 16. Amounts (yg/g) of internal toxic dose recovered in southern 
corn rootworms after topical application of 1/10 10%» dosage 
of i^C-bendiocarb 
Dose applied 
(ug/g) 
Time (h) 
0.083 0.5 1 2 4 
Adult 0.13 
Larva 0.91 
Adult/larva ratio 0.14 
0.053 
0.363 
0.15 
0.046 
0.335 
0.14 
0.033 
0.303 
0.11 
0.023 
0.174 
0.13 
0.015 
0.079 
0.19 
^Amounts of parent bendiocarb from internal organic extract. 
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The metabolism of ^^C-bendiocarb in SCR adults treated with 0.80 pg/g 
(LDJQ dose) is shown in Table 17. Results were obtained by multiplying 
the percentage of each compound (based on total radioactivity from internal 
organic extract or container rinse. Appendix B, Tables 22 and 23) with 
the percentage of corresponding internal organic extract or container 
rinse (Appendix B, Table 26). 
Table 17. Nature and amounts of metabolites in internal organic extract 
and container rinse from southern corn rootworm adults treated 
with 0.80 yg/g (LDJQ) of i^c-bendiocarb 
% applied dose recovered after 
Metabolite Fraction indicated treatment time (h) 
0.083 0.5 1 2 4 
Bendiocarb 31.2 37.3 33.3 29.2 19.4 
5.6 12.0 3.8 2.5 1.9 
T 36.8 49.3 37.1 31.7 21.3 
Bendiocarb phenol I 4.4 14.1 20.2 19.8 27.3 
C 0.4 0.6 0.2 0.5 0.6 
T 4.8 14.7 20.4 20.3 27.9 
Unknown I 0.3 1.2 2.8 3.3 3.4 
C .0 .0 .0 .0 0.1 
T 0.3 1.2 2.8 3.3 3.5 
Origin I 1.2 2.6 4.2 6.6 6.8 
C .0 0.2 0.1 0.1 0.1 
T 1.2 2.8 4.3 6.7 6.9 
= internal organic extract, C = container rinse, T = total amounts 
from internal organic extract and container rinse. 
*^Data represent means of three replicates. 
^Data represent means of two replicates. 
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Metabolites detected at two dosages (0.13 ug/g and 0.80 yg/g) were 
similar qualitatively but differed quantitatively (Tables 14 and 17). 
Variation in recovery of bendiocarb and its metabolites over time was com­
pared at two doses. Comparisons were based on percentages of the applied 
dose (Figure 17) and the absolute amount of each compound (Figure 18). 
The effect of substrate concentration on the rate of enzyme-cata­
lyzed monomolecular reaction is shown in Figure 19. At a low substrate con­
centration (e.g., a^ and b^), the initial reaction velocity (VQ) is nearly 
proportional to the substrate concentration and the reaction is approximate­
ly first order with respect to the substrate. As the substrate concentration 
is increased (e.g., a^ and bg), VQ increased less. Therefore, VQ is no long­
er proportional to substrate concentration; in this zone, the reaction is 
mixed order. With a further increase in substrate concentration (e.g., ag 
and bg), the reaction rate becomes independent of substrate concentration 
and asymptotically approaches a constant rate. In this range of substrate 
concentrations, the reaction is essentially zero order with respect to the 
substrate, and the enzyme is saturated with its substrate (Lehninger, 
1975). Three possible consequences of VQ, the time needed to reach the 
maximum amount of product (t^^), and the percentage of products at a fixed 
time before t^^ (% P^) depend on the position of the two substrate concen­
trations on the enzyme-catalyzed reaction curve (Figure 20). 
1) Both substrate concentrations are in the first order zone (a^bj); 
VQ is faster at the higher concentration (b^), and the t^^^ and the 
%P^ are similar for the two substrate concentration. 
2) Both substrate concentrations are in the zero order zone (ag.bg); 
Figure 17. Recovery of bendiocarb, bendiocarb phenol, and metabolites 
at origin in internal organic extract (o) and container 
rinse (•) from southern corn rootworm adults treated at two 
dosage levels, 0.13 yg/g (solid lines) and 0.80 yg/g (dot-
dashed lines) 
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Figure 18. Absolute amounts (lO"** yg) of bendiocarb, bendiocarb phenol, 
and metabolites at origin in internal organic extract (o) 
and container rinse (•) from southern corn rootworm adults 
treated at two dosage levels, 0.13 yg/g (solid lines) and 
0.80 yg/g (dot-dashed lines) 
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Figure 19. Effect of substrate concentration on the rate of an enzyme-
catalyzed reaction. Adapted from Lehninger (1975) 
Figure 20. Effect of substrate concentration in the first, zero, and 
mixed order zones on the initial reaction velocity, the 
time needed to reach the maximum product amount (t^^)' and 
the percentage of products at a fixed time before t ^ 
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VQ and initial product amounts are similar; t^^ is longer at the 
higher concentration (bg). The %P^ is lower for bg at the same re­
action time. 
3) Substrate concentrations are within the mixed order zone (a^.bg) 
or in different order zones (e.g., a^agi a^^, a^; ag, a^); VQ is 
faster at the higher substrate concentrations and the is lower 
at higher substrate concentration at the same reaction time. 
Applied dose per adult is used as a synonym for substrate concentra­
tion. Two different doses are compared, based on their VQ, t^^, and 
in enzyme-catalyzed reactions. 
Figures 17 and 18 indicate that bendiocarb phenol formation fits the 
third consequence, i.e., the two doses are either within the mixed order 
zone or in different order zones. At the lower dose (0.13 yg/g)» bendio­
carb phenol reached the maximum amount of 1.2x10"^ pg/adult (approximately 
35% of applied dose) 1 h after treatment (Table 14, Figure 18). The con­
sistent percentage of bendiocarb phenol afterwards implies that bendiocarb 
phenol was in a steady state. At the higher dose (0.80 pg/g), the reac­
tion rate was faster than at the lower dose (Figure 18). In addition, a 
reduced percentage of bendiocarb phenol and an increased percentage of in­
ternal bendiocarb suggested that more time was needed to accomplish the 
same percentage of hydrolysis. Bendiocarb phenol represented 27.3% of the 
applied dose 4 h after treatment at the higher dose (Table 17), indicating 
that the hydrolytic reaction was not complete at 4 h. 
Because the enzyme kinetics were not studied in the present experiment, 
saturation of hydrolytic enzyme at the higher dose was uncertain. Possible 
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saturation kinetics at a higher dose has been reported in house flies 
treated with carbofuran (Collins et al., 1983), methyl parathion, and 
Sumithion (Hollingworth et al., 1967). 
Formation of conjugated compounds coincided with the first condition, 
i.e., enzymes for the conjugation reaction were not saturated at either 
dosage level. Reaction rate of conjugate formation was faster at the high­
er dose (Figure 18) and the percentages of conjugated compounds were simi­
lar at both doses (Figure 17). 
At the higher dose, substantial amounts of bendiocarb were recovered 
from the container rinse during the first half hour (Figure 18). The 
amount of bendiocarb dropped drastically at 1 h posttreatment. Possibly, 
bendiocarb was rubbed off or purged out during the first half hour. Re­
duced amounts after 1 h may be a result of volatilization or the reabsorp­
tion of bendiocarb by SCR adults from the holding jars. 
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SUMMARY AND CONCLUSIONS 
1. SCR adults were more susceptible than third-instar larvae to isofen­
phos and bendiocarb. Isofenphos and three of its metabolites (isofen­
phos oxon, des-N-isopropyl isofenphos, and des-JV-isopropyl isofenphos 
oxon) were toxic to SCR adults and larvae. The 48-h topical LDgg 
values ranged from 1.7 to 2.7 yg/g for adults, and 5.9 to 8.2 yg/g for 
larvae. Larvae were 2.5 to 3.6 times less susceptible than adults. 
Bendiocarb was approximately seven times more toxic to SCR adults 
than to larvae. The 48-h topical LD^Q values of bendiocarb to SCR 
adults and larvae were 1.3 and 9.1 yg/g, respectively. 
2. Isofenphos penetrates faster into SCR larvae than into adults. The 
was 2.9 times greater for larvae (0.0049 min"^) than for adults 
(0.0017 min'i). During the first hour, approximately 80% of the ap­
plied dose penetrated the cuticle of SCR. No significant penetration 
occurred after 2 h posttreatment. More than 50% of the ^''C was recov­
ered from the internal organic extract and container rinse. 
3. During the first 2 h, SCR larvae excreted larger amounts of the applied 
isofenphos and at a faster rate than adults. SCR larvae excreted 
mainly unaltered isofenphos, while SCR adults excreted primarily polar 
conjugated metabolites. 
4. SCR adults and larvae biotransformed isofenphos at different rates 
along a common metabolic pathway. The for larvae (0.0050 min"^) 
was 1.5 times larger,than for adults (0.0033 min"^). The proposed 
major metabolic pathway of isofenphos in SCR involved three metabolic 
reactions. These reactions included: oxidative desulfuration of 
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parent isofenphos to isofenphos oxon, hydrolysis of isofenphos oxon 
and/or parent isofenphos to isopropyl salicylate, and conjugation of 
isopropyl salicylate. 
5. Faster penetration of isofenphos into SCR larvae allowed larger amounts 
of parent compounds in the body. Slightly faster metabolism and rapid 
elimination of toxic parent isofenphos, however, resulted in less ac­
cumulation of toxic compounds inside larvae. Lower amounts of inter­
nal toxic compounds in larvae may contribute to the lower isofenphos 
toxicity to larvae. 
6. Bendiocarb penetrated faster into SCR larvae than into adults. The 
was 4.2 times greater for larvae (0.0140 min~^) than for adults (0.0033 
min"^). Approximately 87% of the applied dose penetrated into SCR. 
The majority of the penetrated dose was recovered from the internal 
organic extract and container rinse. 
7. Major metabolites of bendiocarb were bendiocarb phenol for SCR adults 
and polar conjugated compounds for SCR larvae. Proposed major meta­
bolic pathways for bendiocarb in SCR included hydrolysis of the car­
bamate ester bond to yield bendiocarb phenol and the subsequent conju­
gation of bendiocarb phenol. The large accumulations of bendiocarb 
phenol and low recovery of conjugated compounds indicate slow conju­
gation reactions in SCR adults. 
8. For bendiocarb, the ratio of the applied dose to the internal toxic 
compound was similar for both adults and larvae. Therefore, the 
amount of the internal toxic dose, affected by the rates of penetra­
tion, metabolism, and excretion, was not a determining factor in bendio­
carb selective toxicity between SCR adults and larvae. 
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9. SCR adults treated with bendiocarb at a higher dosage (LDJQ) showed a 
faster formation rate and a lower total percentage of bendiocarb phenol 
than those treated with a lower dosage of bendiocarb (1/10 LDgg). It 
is uncertain, however, whether the hydrolytic enzyme was saturated by 
an LDjg dosage. Percentages of conjugated compounds were similar for 
the two dosage levels. In addition, the faster rate of formation of 
conjugated compounds suggests that enzymes for the conjugated reactions 
were not saturated at the LD^g and 1/10 LDgg dosage levels. 
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APPENDIX A: STRUCTURAL FORMULAS OF ISOFENPHOS, . 
BENDIOCARB, AND THEIR METABOLITES 
Isofenphos 
S 
(CHJ^CHNH^ II 
C2H5O/ ^ 
Des-N-isopropyl isofenphos 
C2H50 
COOCHfCHs): 
\=/ 
COOCHfCHi), 
Isofenphos oxon 
(CHgjyCHNH 
Des-N-isopropyl isofenphos oxon 
C2H5O 
— 0 
C00CH(CH, ), 
HzN. 
C2H5O 
0 
II 
P — 
C00CH(CH3)j 
Bendiocarb phenol Bendiocarb 
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APPENDIX B: METABOLITE AMOUNTS IN INTERNAL ORGANIC EXTRACT AND 
CONTAINER RINSE (EXPRESSED AS PERCENTAGE OF TOTAL 
RADIOACTIVITY IN EACH INDIVIDUAL FRACTION) 
118 
Table 18. Metabolic products recovered from the internal organic extract 
of southern corn rootworm adults treated with 1.77 yg/g of ^^C-
isofenphos® 
% of recovered radioactivity after 
Metabolite indicated treatment time (h)" 
1 2 4 8 24 
Isofenphos 76.7 66.6 46.8 31.4 9.8 
Isofenphos oxon 11.9 12.2 11.7 7.4 5.2 
Isopropyl salicylate 4.2 9.0 15.9 17.5 3.0 
Des-N-isopropyl isofenphos 1.4 1.8 3.8 3.0 2.1 
Des-N-isopropyl isofenphos oxon 0.6 1.9 1.6 1.5 2.3 
Unknown 1 1.2 2.6 4.5 16.6 18.8 
Unknown 2 0.6 1.0 2.5 3.0 3.5 
Origin 1.6 2.7 8.6 17.3 47.7 
*Data represent means of two replicates. 
^Percentages based on total recovered radioactivity in the internal 
organic extract. 
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Table 19. Metabolic products recovered from the container rinse of 
southern corn rootworm adults treated with 1.77 yg/g of ^^C-
isofenphos® 
% of recovered radioactivity after 
Metabolite indicated treatment time (h)° 
1 2 4 8 24 
Isofenphos 84.3 67.1 32.1 11.5 2.2 
Isofenphos oxon 5.4 10.5 10.0 6.3 4.4 
Isopropyl salicylate 0.4 0.9 1.6 5.2 1.7 
Des-N-isopropyl isofenphos 0.2 0.6 2.2 2.4 2.1 
Des-iV-isopropyl isofenphos oxon 0.3 0.6 2.6 3.9 3.8 
Unknown 1 2.3 4.4 6.9 11.3 5.5 
Unknown 2 0.3 2.2 3.2 3.7 5.2 
Origin 2.6 7.4 27.1 42.7 66.5 
®Data represent means of two replicates. 
'^Percentages based on total recovered radioactivity in container 
rinse. 
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Table 20. Metabolic products recovered from the internal organic extract 
of southern corn rootworm larvae treated with 2.08 yg/g of ^^C-
isofenphos® 
% of recovered radioactivity after 
Metabolite indicated treatment time (h)° 
1. 2 4 8 24 
Isofenphos 70.2 69.3 62.3 59.9 53.5 
Isofenphos oxon 14.5 13.7 10.3 8.9 6.8 
Isopropyl salicylate 4.1 2.8 1.8 3.3 2.0 
Des-JV-isopropyl isofenphos 1.7 1.5 1.8 1.8 1.1 
Des-N-isopropyl isofenphos oxon 0.4 0.3 0.5 0.4 0.4 
Unknown 1 1.6 1.7 3.1 3.5 4.6 
Unknown 2 3,4 5.2 9,4 8.3 7.9 
Origin 2.3 3.7 7.9 10.9 18.6 
®Data represent means of two replicates. 
^Percentages based on total recovered radioactivity in the internal 
organic extract. 
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Table 21. Metabolic products recovered from the container rinse of 
southern corn rootworm larvae treated with 2.08 yg/g of ^^C-
isofenphos® 
% of recovered radioactivity after 
Metabolite indicated treatment time (h)" 
1 2 4 8 24 
Isofenphos 94.9 83.1 70.9 64.4 53.6 
Isofenphos oxon 2.2 3.3 5.2 9.9 8.5 
Isoprdpyl salicylate .0 5.9 1.1 1.1 4.4 
Des-JV-i sop ropy! isofenphos .0 .0 1.7 1.4 2.6 
DesfN-isopropyl isofenphos oxon .0 1.3 1.9 3.0 3.1 
Unknown 1 1.5 1.4 4.1 4.7 4.8 
Unknown 2 0.8 2.3 8.7 6.3 17.0 
Origin 0.7 . 2.6 6.5 9.2 5.8 
*Data represent means of two replicates. 
h Percentages based on total recovered radioactivity in the container 
rinse. 
122 
Table 22. Metabolic products recovered from the internal organic extract 
of southern corn rootworm adults treated with -bendiocarb® 
t of recovered radioactivity after 
Dosage Metabolite indicated treatment time (h)" 
(pg/g) 0.083 0.5 1 2 4 
0.13 
(1/10 LD50) 
Bendiocarb 84.4 54.7 37.0 29.2 21.3 
Bendiocarb phenol 9.6 37.7 52.5 60.9 66.3 
Unknown 1.1 1.3 2.1 1.7 2.9 
Origin 5.0 6.2 7.4 7.7 9.1 
0.80 
(LOio) 
Bendiocarb 84.0 67.5 55.0 49.7 34.1 
Bendiocarb phenol 11.9 25.6 33.4 33.6 48.1 
Unknown i. 0.8 2.2 4.6 5.6 5.9 
Origin 3.3 4.7 7.0 11.2 11.9 
*Data represent means of three replicates. 
U 
Percentages based on total recovered radioactivity in the internal 
organic extract. 
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Table 23. Metabolic products recovered from the container rinse of 
southern corn rootworm adults treated with ^^C-bendiocarb 
% of recovered radioactivity after 
Dosage Metabolite indicated treatment time (h)b 
(yg/g) 0.083 0.5 1 2 4 
0.13 
(1/10 LDgg) 
Bendiocarb 64.9 95.6 92.2 79.4 84.6 
Bendiocarb phenol 25.7 1.2 3.5 16.9 12,6 
Unknown 3.5 .0 1.3 0.8 .0 
Origin 3.2 2.5 2.3 3.0 2.8 
0.80 
(LDio) 
Bendiocarb 93.1 93.9 92.0 82.0 72.4 
Bendiocarb phenol 6.3 4.5 5.8 15.3 22.6 
Unknown .0 0.3 0.6 1.0 3.0 
Origin .6 1.3 1.7 1.8 2.1 
Data for 0.13 yg/g dosage represent one treatment except 2 h-post-
treatment data which represent means of two replicates. Data for 0.80 
yg/g dosage represent means of two replicates. 
'^Percentages based on total recovered radioactivity in the container 
rinse. 
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Table 24. Metabolic products recovered from the internal organic extract 
of southern corn rootworm larvae treated with 0.91 pg/g of ^^C-
bendiocarb® 
% of recovered radioactivity after 
Metabolite indicated treatment time (h)° 
0.083 0.5 1 2 4 
Bendiocarb 79.3 66.6 55.0 29.7 17.7 
Bendiocarb phenol 11,7 14.8 12.2 23.7 9.4 
Unknown 2.1 2.3 2.5 3.6 1.5 
Origin 6.9 16.4 30.4 43.0 71.4 
®Data represent means of two replicates. 
^Percentages based on total recovered radioactivity in the internal 
organic extract. 
r 
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Table 25. Metabolic products recovered from the container rinse of 
southern corn rootworm larvae treated with 0.91 yg/g of 
bendiocarb® 
% of recovered radioactivity after 
Metabolite indicated treatment time (h)° 
0.083 0.5 1 2 4 
Bendiocarb 98.8 69.6 52.8 44.2 53.2 
Bendiocarb phenol 1.2 12.4 15.8 20.7 6.3 
Unknown .0 6.7 9.9 12.1 8.4 
Origin .0 7.9 17.5 23.0 18.6 
®Data represent one treatment except 2 h-posttreatment data which 
represent means of two replicates. 
^Percentage based on total recovered radioactivity in the container 
rinse. 
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Table 26. Distribution of radioactivity in southern corn rootworm adults 
following topical application of LD.. dosage (0.80 yg/g) of 
i*C-bendiocarba 
% applied dose recovered after 
indicated treatment time (h) 
Fraction 0.083 0.5 1 2 4 
External rinse 53.5 21.2 8.4 5.7 3.0 
Internal organic extract 37.1 55.2 60.6 58.8 56.8 
Internal aqueous extract 2.2 4.6 6.2 7.1 12.0 
Unextractable residue^ 1.2 2.8 4.3 4.0 4.5 
Container rinse 6.0 12.8 4,1 3.0 2.6 
Total recovery 100.0 96.6 83.6 78.6 78.9 
®Data represent means of two replicates. 
^The correction factors are used as described in the footnote of 
Table 6. 
